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1.  CROP ROTATIONS ACROSS THE AGES 

This historical background on crop rotations covers the period from the green revolution (1950s) 

to date, and includes all of the current 27 EU Member States, even if they were not a part of the 

EU during the period described. A brief introduction to the crop rotation practices before the 

green revolution has been provided in order to set the scene.  

1.1. ANTIQUITIES AND FIRST ROTATIONS 

The practice of crop rotation, i.e. growing a sequence of plant species on a given land, was 

developed in prehistoric times. Observations of the loss of soil fertility, due to continuous 

cropping, led farmers to develop methods to maintain the yields of their land. Greek and Roman 

authors of the Antiquity already mention a yield decreasing effect, as a result of the cultivation 

of cereals on the same field year after year, as well as a beneficial effect of legumes on the 

performance of crops that were cultivated on the same field after the legume harvest (Gyuricza, 

2001).  

The system that was used in the antique Greek world provided the basis for crop rotations for 

the following centuries to come: planted and fallow land alternated on the same field, half of a 

farmer’s land being planted in the spring or autumn of each year, while the other half was left to 

“rest”1. Several systems of different lengths existed as alternatives for two-field rotations (Table 

1-1 - Mazoyer and Roudart, 2002). 

Table 1-1: Two-field rotation schemes practiced in antiquity
2
 

Field One-year rotation 
Two-year rotation  

Five-year rotation 
Rotation 1 Rotation 2 

1 

September 

↓ 

March 

Fallow 

7 

months 

August 

↓ 

October 

Fallow 

15 

months 

August 

↓ 

March 

Fallow 

8 months 

August (y1) 

↓ 

October (y5) 

Fallow  

(natural 

pasture)  

4 years 3 

months 

2 

April 

↓ 

August 

Millet 

5 

months 

November 

↓ 

July 

Millet 

9 months 

April 

↓ 

July 

Spring 

cereal 

9 months 

November 

(y5) 

↓ 

July (y5) 

Winter 

cereal  

 

Compared to the two-field rotation system practiced in the antiquity, Roman agronomists 

developed a three-field rotation system, which was applied mainly during the medieval period in 

Europe. This type of rotation consisted generally of a three stage system: a first sequence of rye 

or winter wheat, followed by spring oats or barley, and fallow land during the third stage. The 

three fields were rotated in this manner so that every third year, a field was left unplanted3 

(Table 1-2). 

                                                           
1
 Crop rotation: A Dictionary of World History. 2000. Encyclopedia.com (last visited: November 3, 2009). 

www.encyclopedia.com/doc/1O48-croprotation.html 
2
 adapted from Mazoyer and Roudart, 2002 

3
 Technology in the middle ages- History of technology, www.engr.sjsu.edu/pabacker/history/middle.htm 



16 
European Commission - DG ENV 

Environmental impacts of crop rotations in EU-27 

Annexes - Final Report 

September 2010 

 

Table 1-2: Three-field rotation scheme practiced in the medieval ages  

(adapted from Backer, 2005) 

Field Three-year rotation 

1 Rye or Winter wheat 

2 Spring oats or Barley 

3 Fallow 

The specific needs of farming systems have continued to evolve resulting in changes concerning 

the characteristics of the rotations, e.g. crop types, length of the rotation. The three-field 

system, for instance, was particularly applied in countries with a mild climate, such as England or 

the Netherlands. 

1. 1. 1. PIONEER DUTCH FOUR YEAR ROTATION IN THE 18TH CENTURY  

In the early 16th century, Dutch farmers in the Waasland region developed a four year crop 

rotation. The innovative element of this scheme was the replacement of the fallow period by an 

artificial pasture of legumes such as red clover (Trifolium pratense L.) on acid soils and sainfoin 

(Onobrychis spp.), lotus on calcareous soils or vetch (Vicia spp.). Sometimes the field was sown 

with raygrass (Lolium perenne) or a mixture of legumes and grass (Mazoyer and Roudart, 2002). 

This modification allowed to make use of all of the fields throughout the year, and to produce 

feed material even on the resting field. 

Modern crop rotations in the 17th-18th centuries evolved based on three-field rotations (Table 

1-2). Such rotation enabled to avoid leaving the soil uncultivated every third year, thus 

preventing soil erosion. Further, the insertion of a non cereal plant (i.e. turnip rape) enabled to 

let the soil rest every third year, which broke the wheat pest cycles, providing control, for 

example, over Fusarium head blight, cleaning the soil from the wheat residues, like straw and 

roots, and finally improving the conditions of cultivation of cereals, the productivity of which 

was increased.  

1. 1. 2. THE ABANDONMENT OF FALLOWS (THE NORFOLK ROTATION) 

In the Norfolk four-field system, the sequence of wheat, barley, turnips and clover had a 

complementary function, as it provided fodder and grazing pasture for livestock, year-round. 

Root crops, such as turnips, improved the quality of the harvest and the livestock’s feed. Barley 

had a suppressive function on weeds and the row crop facilitated weed control in the inter-row. 

This system was later improved and promoted in England by Charles Townshend (1674–1738) 

and was a key development in the British Agricultural Revolution (Charles Townshend, 2nd 

Viscount Townshend). 

The development of the four-field Norfolk rotation brought about the period of agronomically 

and economically sound rotation models based on Arthur Young’s (1741-1820) scientific 

experiments (Tóth, 2006). The system became fairly common on the newly enclosed farms by 

1800, remaining almost standard practice on most British farms for the best part of the following 

century. During the first three quarters of the 19th century, it was adopted in much of 

continental Europe. This rotation is still referred to as one of the most important cornerstones of 

the 18th century agricultural revolution going on in North-West Europe. 

Table 1-3 summarizes the historical evolution of crop rotations in Europe from Middle Ages to 

the 19th century. 
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Table 1-3: Historical evolution of crop rotations in Europe 

Year 
Original three field rotation Modified three field rotation Norfolk four field rotation 

Middle Ages � 17
th

 century � 19
th

 century 

1 
Winter cereal 

(e.g. wheat or rye) 

Winter cereal 

(e.g. wheat or rye) 

Turnip 

(Brassica rapa) 

2 
Spring cereal 

(e.g. barley) 

Turnip 

(Brassica rapa) 

Spring barley 

(Hordeum vulgare L.)  

undersawn with red clover 

(Trifolium pratense) 

3 Fallow 
Spring cereal 

(e.g. wheat or barley or rye) 

Red clover 

(Trifolium pratense) 

4 
Winter cereal 

(e.g. wheat or rye) 

Winter cereal 

(e.g. wheat or rye) 
Winter wheat 

1.2. THE GREEN REVOLUTION (1950 – 1970) 

The term “green revolution” refers to a period of the 20th century between 1944 and 1970 when 

the spreading of scientific improvements, which had been developed between the two world 

wars, enabled a significant progress of agricultural technologies. The green revolution was a shift 

in farming methods towards a more scientific approach, which was expected to raise cereal-

grain production. It is thought to have enabled to avoid catastrophic famines that could have 

occurred due to the unprecedented demographic growth that had been taking place since the 

1950s4. 

This period affected the farmers’ approach significantly, regarding the perceived importance of 

many aspects of crop production, including crop rotation.  

 

1. 2. 1. AGRICULTURE IN THE 1950S 

1.2.1.1 Farming systems 

Before the Second World War, subsistence agriculture dominated throughout Europe, with 

mixed crop-livestock farming, and no fallow period. These systems aimed primarily at self-

sufficiency and produced primary material to supply the household and the farm with both 

food/feed and all necessary equipment. Farming systems were therefore generally not 

specialised. As a consequence, most farming systems had few market constraints regarding the 

choice of species, and farmers cultivated a wide range of plants and raised a wide range of 

livestock. Local markets were principally supplied by the excess of production of these farms.  

During this period, farming systems became increasingly productive. Hence, in Germany, one 

labour unit could produce seven times more food in 1980 than at the beginning of the twentieth 

century. In the meanwhile, a set of tasks associated with wheat production required 120 

working hours in 1900, 80 working hours around 1950 and only 15 working hours in 1980 

                                                           
4
 According to UN statistics, the highest rate of world population growth (2.04 per cent) occurred in the late 1960s 

contributing to reach a world population of 4 billion in 1974. It took 123 years to add the 2nd billion to human 

population in 1927, 33 years to add the third billion in 1960, and only 14 years to reach 4 billion in 1974. 
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(Ambrosius and Hubbard, 1989), while the average cereal yields per hectare multiplied in 

Europe, increasing from less than 1 tonne per ha in 1900 to 4 tonnes per ha in 2008. 

Regarding crop rotations, from the end of the Middle Ages until the early 20th century, the 

three-year rotation was generally practiced by farmers in Europe with a rotation of rye or winter 

wheat, followed by spring oats or barley, then letting the soil rest (leaving it fallow) during the 

third stage (Wikipedia, 2009a). 

1.2.1.2 Influence of the pedoclimatic conditions: the example of Poland 

According to the description of the Polish farming systems, the dominating rotations in the 

country from the 18th century differed from one region to another, as presented in Table 1-4. 

Table 1-4: Dominating crop rotation systems in Poland (18
th

 century-mid 20
th

 century) 

Year Eastern Poland 

Western Poland Southern Poland 

5 year 

Norfolk 

rotation 

(Typical) 

4 year 

Norfolk 

rotation 

(Marginal) 

Typical Marginal 

1 fallow fallow root crops root crops root crops root crops 

2 winter cereal winter cereal spring cereal  spring cereal spring cereal cereal 

3 spring cereal spring cereal protein crop protein crop winter cereal protein crop 

4 fallow winter cereal winter cereal winter cereal spring cereal  cereal 

5 winter cereal fallow spring cereal root crops root crops root crops 

The different pedoclimatic conditions characterising the eastern, western and Southern regions 

of the country imposed varying farming practices on the local farmers. Eastern Poland, for 

example, has a continental climate and poor soils (Witek, 1993), and the rotations include more 

likely fallows, followed by winter and spring cereals, for 2 or 3 years. This 3-year rotation with 

fallow land was still practiced in Poland in the 1950s. 

In Western and Southern Poland, the oceanic climate occasionally enabled to substitute the 

fallow period by the use of root crops like potatoes (Solanum tuberosum) for the head of 

rotation, and the use of protein crops during one or two years, such as clover (Trifolium spp.), or 

less frequently lupins (Lupinus spp.) or other non protein crops such as flax (Linum 

usitatissimum) between the first and the second cereal. In Southern Poland, where the good and 

very good soils are more fertile than the average-quality and good soils of Western Poland 

(Witek, 1993), rotations are shorter, and use several cereals successively after a root crop. Such 

systems were commonly used in the first half of the twentieth century.  

1.2.1.3 Influence of equipment 

Improved agricultural machines were developed and became increasingly used during the 

twentieth century, such as steam ploughs, steam threshers and drilling machines, metal ploughs, 

stalk cutters, mowers, haying rakes, reaper-binders or combine harvesters. With mechanised 

cropping systems, farmers would need to invest in many different types of equipment to get the 

benefit of crop rotations, and therefore this led to progressive abandonment of diversified crop 

rotations. But the overall degree of mechanisation increased progressively while low in the early 

twentieth century, with about 270,000 tractors in use for tens of millions of farms in Europe in 

1939 (i.e. less than 1% of the farmers equipped) (Ambrosius and Hubbard, 1989). Many farmers 

still used low mechanised methods inherited from the middle age, e.g. equipment of animal 
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traction cultivation with heavy ploughs (Figure 1-1 and Figure 1-2), like the swing plough which 

was still in use in the Mediterranean regions (Figure 1-3).  

 
  

Figure 1-1: Wooden 

plough
5
 

Figure 1-2: Mouldboard 

plough
5
 

Figure 1-3: Swing 

plough
6
 

1.2.1.4 Fertiliser use 

In the early 1900s, researchers discovered that legumes could fix nitrogen from the atmosphere. 

As nitrogen was the major limiting nutrient for most crops, this led to the unquestionable use of 

legumes, such as clover, in every type of rotation system in the period preceding the Second 

World War (Karlen et al., 1994).  

Fertiliser had been produced using industrial methods since the 1820s and some farmers started 

to learn how to use nitrates, potassium, and phosphates produced by the chemical industries 

(Mokyr, 1998). However, the real expansion of their usage began in the mid twentieth century 

with the development of the industry after the war.  

1.2.1.5 Weed control 

Prior to the mid twentieth century, farmers controlled weeds mostly by the means of crop 

rotations, via their impact on soil pH, salinity, or fertility levels, and by mechanical means, e.g. 

tillage. The widespread use of chemical herbicides occurred only after the Second World War.  

1.2.1.6 Pest control 

In the early nineteenth century, farmers discovered the first fungicides such as the Bordeaux 

mixture, which was invented in 1885 by the French botanist M. Millardet and helped to conquer 

potato blight after devastation of the Ireland potato fields in the mid eighteen hundreds. 

However, the most common way to control pests remained the adaptation of crop rotation 

systems to the life cycles of pests, in order to prevent their occurrence in fields (Mokyr, 1998). 

1.2.1.7 Irrigation 

Irrigation was not particularly well-developed in the 1950s in Europe. The need for water-

efficient crop-management practices, in the absence of other technical solutions, favoured the 

adoption of crop rotations.  

1. 2. 2. MAJOR CHANGES INDUCED BY THE GREEN REVOLUTION 

Post-war agriculture in Europe went through major changes regarding farming methods and 

attained higher production levels. The end of the Second World War brought a technological 

                                                           
5
 www.scottishmist.com/assets/farming/ 

6
 Dental swing plough, Tunisia, 2nd half of the 20th century, Donation from François Labouesse, Agropolis Museum 

collections. www.museum.agropolis.fr/images/smod7b.gif 
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boom in agricultural machinery and material use7. Although most technologies already existed, 

they had not been widely used before the Second World War. These technologies induced the 

gradual replacement of manual labour by machines, using improved crop varieties, synthetic 

nitrogen fertilisers, pesticides, herbicides and irrigation facilities. 

Similar technological development took place in both Western and Central-Eastern European 

countries. In the latter, with very few exceptions, due to the particular historical conditions, the 

organisation of agriculture was submitted to collectivisation. 

Due to the concentration and specialisation of farms in Central and Eastern Europe, crop 

rotations were simplified with an ever growing dominance of cereals amongst the components 

of rotations. Classic and broadened “Norfolk” rotations, for example, were performed in 

different regions of Poland, between 1950 and 1990. Examples of the main crop sequences are 

represented in Table 1-5. 

Table 1-5: Commonly practiced rotations in Poland under the socialist era  

Year Rotation 1 Rotation 2 Rotation 3 

1 Sugar beets ++ Potatoes++ Sugar beets++ 

2 Barley  Oats Barley 

3 Clover or peas Flax or lupines  Clover 

4 Winter wheat  Rye Wheat 

5 Rye Rye Oil-seed rape 

6 Sugar beets
 ++

 Potatoes
++

 Rye 

  (++: fertilization with manure) 

During the socialist era, State or cooperative farms represented the largest farms in Central and 

Eastern Europe, covering several hundreds or thousands of hectares, and maintained stable 

farming practices, including stable crop rotations. The selection of crops was made according to 

the quality of the soil. In small family farms, root crops like potatoes or sugar beet were typically 

the main component of crop rotations, with a higher variability of crop sequences.  

In Poland, the dispersion of monoculture is related to the diminishing area of potato lands and 

associated crop rotations, which were substituted by rye monocropping systems (Figure 1-4). 

 

Figure 1-4: Potato area in Poland 1961-2007 (thousand ha) 

                                                           
7
 Farming in the 1940s, Post-war Technology, 

 www.livinghistoryfarm.org/farminginthe40s/machines_08.html 
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1.2.2.1 Mechanisation 

While industries and transportation adopted the steam engine rapidly, the agricultural use of 

steam engines on farms was not immediately successful and agriculture was slowly mechanised. 

As a result, most activities such as ploughing, harrowing, reaping, raking and binding remained 

dependent on draft animals long after the adoption of the steam engine by other sectors. A 

technical solution was found with the internal combustion engine, which allowed developing the 

first tractors and combines, causing a significant jump in agricultural productivity in Europe and 

in America (Mokyr, 1998). 
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Figure 1-5: Number of tractors in use in Europe, 1961-2002 (FAO, 2009) 

With mechanisation, draft animals were replaced by machines and one person could work a 

hundred times faster than with traditional manual cultivation methods (Mazoyer and Roudart, 

2002). After the Second World War, the rapidly expanding use of tractors (Figure 1-5) in 

Western, Central, and Eastern European countries contributed to the simplification of work in 

farming systems. As tillage of land or harvesting could be done in a much shorter time and with 

less effort than before, it was no longer necessary for farmers to have a strict work organisation 

throughout the year. This was a further reason for abandoning the cultivation of a diversity of 

crops and focusing on fewer species over a larger area (Sheil, 1994). 

1.2.2.2 High-yield crops 

From the 1940s onwards, significant research projects were launched in the United States in 

order to fight hunger (e.g. the Rockefeller Foundation’s Mexican Hunger Project, 1944). As a 

result, the first spectacularly high-yielding, short-strawed, disease-resistant wheat varieties were 

bred through the path-breaking research of Norman Borlaug (1914-2009) (Borlaug, 1970). The 

new high-yielding varieties present a higher nitrogen-absorbing potential, which generates a 

remarkable productivity. The original high-yielding varieties were more likely to fall before 

harvest, and semi-dwarfing genes were bred into their genomes to remedy this problem. The 

use of these new, high-performance varieties ensured ever higher yields (Power and Follett, 

1987 in Karlen et al., 1994). 

With the help of these new varieties, average wheat yields quadrupled between 1950 and 2000, 

increasing from 1.78 t/ha in 1950 to 7.28 t/ha in 2000 (Figure 1-6). Following the success in 

wheat breeding, research focused on other plants with high yield potential such as maize and 

rice. 
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Figure 1-6: Mean wheat yield in France between 1950 and 2000 (INSEE, 2009) 

Farmers turned towards high-yielding and profitable crops, such as maize and wheat, as 

preferred to lower-yielding crops, such as legumes, which had earlier been an integral element 

of their crop rotation but happened to be the less profitable under the new conditions. As a 

result, the number of farms with diversified production started to decrease, as farms specialised 

in the most profitable crops. This transformation called for new pest and weed control methods, 

as well as different fertilisation practices, given the absence of the soil enriching effect of legume 

crops and the unbalanced use of the soil. Pests, weeds and diseases would have to be controlled 

by chemical means, and fertilisers would have to supply many of the farm’s nutrients (Sheil, 

1994). 

This change can be observed in the cropping structure in Poland: rye used to be the dominant 

crop until the 1960s, representing more than 50% of the area of cereals grown, and it was 

subsequently replaced by more intensive cereals, like wheat, triticale and barley (Figure 1-7). 
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Figure 1-7: Structure of cereals grown in Poland in the years 1950-2008 (FAOSTAT) 

1.2.2.3 Use of fertilisers 

Following the Second World War, the average consumption level of nitrogenous fertiliser was 

similar both in Western and Eastern Europe (1,922 kt and 1,743 kt respectively), and followed a 

remarkable growth with no major breakpoint until the end of the 1980s (Figure 1-8). Eastern 

European consumption showed a significant growth compared to Western Europe, and between 

1961 and 1988 the consumption of nitrogenous fertiliser was multiplied by 9 in Eastern Europe, 

reaching more than 15 million tonnes, and by 3 in Western Europe. The collapse of the Soviet 

Union in 1989 led to the end of the high rate of subsidies for fertiliser use, and the use of N-
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fertiliser in Eastern Europe dropped by 77% between 1989 and 1993 from 15,650,101 tonnes to 

3,663,427 tonnes.  

0

2 000 000

4 000 000

6 000 000

8 000 000

10 000 000

12 000 000

14 000 000

16 000 000

1961 1971 1981 1991 2001

Western Europe

Eastern Europe

Southern Europe

Northern Europe

 

Figure 1-8: Nitrogenous fertiliser consumption in Eastern and Western Europe (FAOSTAT, 

1961-2002)  

During the post-World War 2 period, increased amounts of inexpensive synthetic nitrogen from 

industrial sources were traded to farmers, reducing the necessity for legumes in crop rotations. 

Rotations which included legumes were of less importance than before in the arable cropping 

systems. However, mixed crop-livestock systems maintained legumes in their rotations, as a feed 

source for the livestock (Olson and Sander, 1988 in Karlen et al., 1994). The introduction of 

fertilisers reduced the dependence of farm management on rotation, but increased crops’ 

vulnerability to pests (Sheil, 1994) and induced a high use of chemical pesticides. 

 

Figure 1-9: Consumption of chemical fertiliser in France (1950-1990) in thousand tonnes 

(INSEE) 

After the Second World War, there was a scientific conviction that crop rotations could be 

entirely replaced by the use of synthetic fertilisers and pesticides without a loss of yield (Aldrich, 

1964 Benson, 1985; Shrader et al., 1966 in Karlen et al., 1994). Nutrient-demanding crops no 

longer depended on a preceding legume or sufficient manure. Increasing use of easily available 
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nitrogen fertilisers, herbicides and pesticides reduced the presence of extended rotations (Rifkin, 

1983; Crookston, 1984; MacRae and Mehus, 1985 in Karlen et al., 1994). Synthetic fertiliser 

consumption rose dynamically in Europe during the post-war period. For example, after a 

gradual rise, French farmers used more than 5 times as much potassium in 1990 as in 1950 

(Figure 1-9). The use of phosphoric acid more than quadrupled between 1950 and 1980. As the 

major limiting nutrient in plant production, synthetic nitrogen fertilisers reached the highest 

multiplication rates, and eleven times more nitrogen was applied on farms in France in 1990 

than in 1950.  

1.2.2.4 Weed and pest control 

In parallel to the expansion of synthetic fertilisers, synthetic herbicides and pesticides with 

convincing effects were introduced. These substances achieved much better results than the 

earlier chemicals or crop rotations. With the help of these products, farmers no longer had to 

adapt to the rotations, but their production became dependent on the use of chemicals, 

adapted to specific pests and weeds, as well as to the use of fertilisers for nitrogen demanding 

crops, and had to face increasing resistance from weeds and pests as well as decreased amounts 

of soil organic matter (Sheil, 1994). Chemical means of control also facilitated some cultures, e.g. 

insecticide use enabled the almost complete extermination of certain pests in Europe, like the 

Colorado potato beetle (Leptinotarsa decemlineata) (Ambrosius and Hubbard, 1989). As a result, 

these chemicals became a key factor of success for crop management systems, and the 

supporting role of crop rotations was reduced. This simplified the cropping systems, notably by 

shortening the crop rotations. 

During the green revolution, the practice of crop rotation was abandoned in several parts of the 

world (Jaison, 2006) and replaced by the management practice of simply adding the necessary 

chemical inputs to the depleted soil, e.g., replacing organic nitrogen with ammonium nitrate or 

urea and restoring soil pH with lime (Jaison, 2006).  

1.3. ECONOMIC DRIVERS (1970 – PRESENT) 

Before the Second World War, agricultural and food trade grew at a rate similar to the rates of 

the total trade of a country. Agricultural trade later faced spectacular growth between 1950 and 

2000, with a much faster expansion than in earlier periods. The particular case of the 

progressively eliminated borders within the EU contributed largely to this phenomenon in 

Europe (Lains and Pinilla, 2008). 

The 1970s brought a slow-down in the growth of agricultural output (Ambrosius and Hubbard, 

1989). In the same time, the global energy crisis and fuel shortage occurred, however no source 

was found which detected an impact on the use of agricultural machinery, and consequent 

changes in European agricultural production. In 1971, though, the official devaluation of the US 

dollar induced lower prices of US export goods on the world markets. Lower prices induced a 

growing demand, which finally made prices increase again. Further, the USA imposed an 

embargo on soybean exports in June 1973, causing soybean meal prices to rise, reaching a 370% 

increase in France (Warnken, 1999). The European market prices for protein crops became 

increasingly attractive and this encouraged European farmers to reintegrate legumes and 

protein crops in their crop sequences (Figure 1-11).  
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Figure 1-10: Soybean and legume production area in France 1961-2007 (ha) (source: FAOSTAT) 

An unfavourable climatic context, with an exceptionally harsh El Niño8 hitting the Peruvian coast, 

strengthened the increase in soybean prices during the following year. Indeed at the time, the 

world’s mixed feed industry was dependent on protein-rich fish meal, mostly supplied by Peru’s 

anchovies. As the anchovy harvest failed completely in the 1972-1973 season, the world’s most 

important source of fish was unable to satisfy the existing protein needs for many nations’ 

poultry and pork industries. The same year, the climatic context depleted another source of 

protein: the peanut production in Central Africa, which failed due to drought. Two primary 

sources of feed failed, demand for other types of protein meal jumped, raising the price of 

soybeans by 81 % from 1972 to 1973 (Warnken, 1999). 
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Figure 1-11: Trends of crop production in Europe since 1961 (calculation based on FAOSTAT) 

This series of events contributed to the introduction of soybean in French agriculture, as a 

substituting source of protein. However, the same tendency was not observed at the European 

                                                           
8
 FAO definition: “Abnormally warm ocean climate conditions, which in some years affect the Eastern coast of Latin 

America (centred on Peru) often around Christmas time. The anomaly is accompanied by dramatic changes in species 

abundance and distribution, higher local rainfall and flooding, massive deaths of fish and their predators (including 

birds). Many other climatic anomalies around the world (e.g. draughts, floods, forest fires) are attributed to 

consequences of El Niño.” (www.fao.org/glossary/) 
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level, where legume production showed a general decreasing tendency since the 1960s (Figure 

1-11). In France, the same pattern is observed after war, with a slow decrease of the legume 

areas (Figure 1-10), although legume production picked up again during the energy crisis in the 

early 1970s, reaching a peak of growth in 1990, with more than four times the legume area of 

1961; whereas the cumulated European legume production area never reached that of the 

1960s again (see Figure 1-11). 

1.4. POLICY DRIVERS (1970 – PRESENT) 

The food shortages which occurred during and after the Second World War in Europe called for 

an urgent and efficient reactivation and stimulation of agricultural production. The main 

problems to be dealt with were the low productivity of European farms and the unstable nature 

of agricultural markets. 

Post-war agriculture was characterised by a predominance of low-income, small holdings 

throughout Europe (Ingersent and Rayner, 2000). The size of the majority of farms was less than 

5 ha, which was a determinant factor of the relative productivity of European agriculture 

compared to the United States of America, where average farms were twenty times the size of 

European farms at the time. In the 1950s, the agricultural population (17.5 million) of the future 

Members of the European Economic Community9 was able to produce only 85% of the six 

country’s food requirements, whereas they all had introduced measures after the Second World 

War to enhance the agricultural production at the national level (Jones, 2001). After the Second 

World War real agricultural prices showed a long term falling trend which called for a system 

assuring decent income for farmers (Kjeldsen-Kragh, 2007). 

By the 1950s it was recognised that the aims of providing prosperity for farmers, increasing 

production levels and stabilising agricultural market prices, could only be achieved at the 

community level (Archer, 2000). As a consequence, the choices of crops and crop rotations need 

to be explained at the EU level. 

1. 4. 1. ESTABLISHMENT OF THE COMMON AGRICULTURAL POLICY 

The first common regulations on the agriculture of Member States of the European Economic 

Community came into force in 1962. The main objectives of the original version of the CAP are a 

synthesis of the objectives of the national policy initiatives in Western Europe (Jones, 2001): 

• Increasing agricultural productivity, by: 

• Promoting technological progress 

• Enhancing optimum utilisation of production factors (labour in particular) 

• Ensuring fair standards of living for farmers 

• Stabilising agricultural markets 

• Ensuring availability for food suppliers 

• Ensuring reasonable food prices for consumers 

                                                           
9
 In the six countries of the EEC of 1957: Belgium, France, Italy, Luxembourg, the Netherlands and West Germany. 
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At the time, the CAP was based on the conviction that agricultural markets can only function 

optimally when managed, and thus it limited the access to these markets for overseas products, 

with the help of protection, internal price support and export subsidies (Kjeldsen-Kragh, 2007).  

The main problem of this structure was the use of price intervention on the agricultural markets 

as a single instrument to pursue the objectives listed above. In the first version of the CAP, no 

mechanism for relating overall supply to demand was created (Bowler, 2005), and as a result, 

the constant pressure of maintaining high prices to assure decent income for low-income 

farmers generated higher willingness to produce, and thus contributed to higher supply levels 

(Pearce,1981). It became already clear in 1965 that the CAP would lead to overproduction 

(McDonald and Dearden, 2005). As a result, the European Economic Community went on 

producing agricultural surpluses, e.g. of wheat and milk (McDonald and Dearden, 2005) and 

became one of the largest exporters in the global food market in the late 1980s. According to 

OECD estimations, this was made possible by supporting cereal exportation by 70% above world 

market price, dairy products by 267% and skimmed milk powder by 247% (Archer, 2000). 

1. 4. 2. FIRST REFORMS OF THE CAP 

Between 1984 and 1988, efforts were made to reform the CAP in order to limit overwhelming 

expenses, the CAP accounting for nearly 80% of the total Community budget in the early 1970s 

(McDonald and Dearden, 2005). A quota system was introduced on milk production in 1984, in 

order to set limits to the European milk production, as well as EU expenditure to farmers in 1988 

(Archer, 2000). At the farm level, this resulted e.g. in the increase of mixed dairy farming 

systems, for their self-sufficiency and reduced dependence towards the market prices of cow 

feed. As a consequence, in the regions specialised in dairy farming, this lead to the 

implementation of crop rotations dedicated to produce part of the dairy cow ration, e.g. crop 

rotations including temporary pasture or silage maize. 

Fundamental restructuring of the CAP took place in 1992 with the “MacSharry reform”, and 

included new measures to limit rising production e.g. of cereals and milk, while adjusting to the 

trend toward a more free agricultural market. The main feature of the 1992 reform was the 

introduction of a first element of de-coupling of farm support from the quantity of production so 

that the subsidy system would not encourage the production of surpluses. This logic gave birth 

to area payments, independent of production volume, based on historic regional yields. The 

condition for claiming area payments for farmers producing more than 92 tonnes of crops a year 

was to withdraw a certain percentage of their land from production, commonly referred to as 

“set-aside” fields. Set-aside’s rate could be modified annually according to the fluctuation of the 

markets for cereals, oilseed and protein crops. After these reforms, the levels of support were 

reduced by 29% for cereals and cut back on support for oilseed and protein crops as well. 

However, producing these crops remained interesting, for field valuation and for work 

organisation reasons, and the crop rotations including these supported crops were maintained in 

Europe.  

1. 4. 3. CHANGES INDUCED AT THE FARM LEVEL 

The CAP played an important role in influencing the speed and scale of agriculture 

modernisation in the EU which generated a radical transformation in farming techniques. By 

setting stable institutional prices above world market prices, a relatively risk-free environment 

was provided for farmers, with particular encouragement of modernisation and investment 
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(Bowler, 2005). High prices by themselves encouraged more intensive farm production, enabling 

farmers to afford modern machinery and to invest in the more developed technologies 

(Kjeldsen-Kragh, 2007). 

The assured market encouraged product specialisation and concentration which induced a loss 

of flexibility for farms in terms of production patterns. As a consequence, the aimed production 

reorientation by the EC concerning the CAP reforms encountered increased difficulties (Bowler, 

2005). From the point of view of crop rotation, an increased level of specialisation meant the 

narrowing of the scale of plants cultivated at a given farm, that is to say: less crop rotation. 

According to a study from Kjeldsen-Kragh in 2007, in the long term, having less rotations 

resulted in reduced yields which farmers compensated by increasing levels of fertilisers and 

pesticides (Kjeldsen-Kragh, 2007). 

At the same time, EU intervention with guaranteed prices slowed down the structural 

adjustment in agriculture, making small farms viable, which would not have been possible 

without an artificially controlled market conditions (Bowler, 2005). 

The accelerated development of new farming technologies induced numerous environmental 

concerns, regarding water quality problems associated with leaching of nitrates (NO3
−) in 

agricultural soils, or the effects of tillage, drainage and extensive usage of pesticides and 

fertilisers on wild species of flora and fauna (Bowler, 2005). 

1. 4. 4. THE SET-ASIDE OBLIGATIONS  

Set-aside was first introduced as a political measure in the late 1980s, essentially as a way to 

reduce surpluses and to control more closely production levels. It became obligatory and more 

environmentally-oriented with the 1992 CAP reform. Farmers were obliged to set 15% of their 

lands aside – the limit dropped to 10% in 1996. With the decoupling in 2003, set-aside 

obligations were specifically calculated on the basis of reference periods. In 2006-2007, a total of 

831,000 ha of set-aside were cultivated of industrial crops, i.e. 22% of total set-aside areas in EU-

15 (Figure 1-12 and Figure 1-13). In 2008 the CAP Health Check abolished set-asides completely, 

as this market regulation instrument was considered not to be relevant any longer. 
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Figure 1-12: Percentage of set-aside surface under incentive scheme in the EU of the national 

utilised agricultural area (1990-2007) (Eurostat) 

Over more than 20 years, the scheme has proved to result in delivering a range of environmental 

benefits, notably greater biodiversity via the preservation of natural habitats, landscape 

improvements and reduction in diffuse pollution. Agronomical benefits from set-asides, with the 

observed soil fertility upgrading, are also widely recognised by farmers. To compensate for the 

abolition of set-aside scheme and the potential return of lands to production, the CAP Health 
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Check specified the GAEC standard on landscape features, introduced a new GAEC standard on 

restoration/maintenance of habitats, and made additional funding available for i.a. biodiversity 

in rural development via modulation. 
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Figure 1-13: Percentage of fallow land surface under in the EU of the national utilised 

agricultural area (1990-2007) (Eurostat) 

 

1. 4. 5. MODERN CAP REFORMS IN 1999, 2003 AND 2008  

The reform of Agenda 2000 (1999) concerned both agricultural and structural policies and set 

the EU CAP budget for the 2000-2006 period. It emphasised the multifunctional character of 

European agriculture. Rural development, notably with regional programs and the integration of 

greater environmental concerns became more important. Indeed CAP has been divided in two 

major pillars: the 1st pillar, which aimed to stabilise market prices and provide basic income 

support to farmers, and the new 2nd pillar which focused on a rural development policy.  

The main objectives of Agenda 2000 measures were in this new context to help strengthening 

the competitiveness and sustainability of the agricultural sector and in parallel improve the 

quality of life, economic opportunities for rural areas.  

In 2003 a major reform of the CAP was undertaken, with major changes to improve and adapt 

CAP policy to new context: 

• Decoupling: payments are no longer linked to the production of a specific 

product but provided as a “single farm payment” scheme: 

• Cross-compliance: subsidies to farmers are linked to the respect of 

environmental ,, food safety, animal and plant health and animal welfare 

requirements as well as maintaining agricultural land in good agricultural and 

environmental conditions (the latter also include now voluntary standards on 

crop rotations) 

• Modulation: i.e. shifting money from direct aid to the Rural Development  

• In 2008 the EU agriculture ministers undertook a so called “Health check” of the 

EU CAP in order to modernise, simplify and help farmers to respond better to 

signals from the market and to face new challenges with the following major 

results: milk quotas were gradually increased until their complete abolition in 

2015, and market intervention is transformed into a safety net for farmers. An 

increased rate of transfer of direct payments to the Rural Development Fund 

(i.e. modulation), to finance new challenges (e.g. climate change, renewable 

energies, water, biodiversity etc.), has been strenghtened.  
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1.  FACTORS AFFECTING THE CHOICE OF CROP ROTATIONS 

1.1. AVAILABILITY OF WATER / IRRIGATION 

 

Figure 1-1: Irrigated land in Europe (UNEP, 2009) 

Irrigated areas have increased during the past 15-20 years in the EU Member States, especially in 

Southern Europe. In 2005, the Southern Member States had the greatest absolute area 

equipped for irrigation, i.e. Italy (3.97 million hectares), Spain (3.77 million hectares), France 

(2.71 million hectares), Greece (1.59 million hectares), Romania (0.81 million hectares) and 

Portugal (0.62 million hectares). These six countries contributed almost 84 % of the total 

irrigated area across EU-27 in 2005 (EEA, 2009). Southern European countries account for 74 % 

of the total irrigated area in Europe which is expected to increase further. In the central EU 

Accession Countries, changes in the economic structure and land ownership, and the 

consequent collapse of large-scale irrigation and drainage systems and agriculture production 

have been the main drivers for agriculture changes over the past 10 years (UNEP, 2009). 

Agricultural activities depend heavily on water provision and represent one of the biggest 

pressures on water resources, accounting for approximately 30% of total water abstraction and 

about 55% of water use in Europe (UNEP, 2005). Water used in agriculture originates from three 

major sources of soft water, which are piped water from rivers, lakes and groundwater, water 

from public network, and water from precipitation.  

The role of irrigation varies according to the climatic conditions; an essential management 

practice in Southern Europe, irrigation is only a support to improve production in dry summers in 

Central and Northern Europe (see Figure 1-1). The high temperatures and high evapo-

transpiration rates result in higher average water consumption per hectare. Italy and Spain use 

about 10 times as much water for irrigation as the central EU countries combined (UNEP, 2005). 

Irrigation could allow enlarging the set of potential crops, and ensure a better economic viability 
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of the farm. Irrigation actually results in the preferential choice of most profitable crops, e.g. 

monoculture of maize, and allows committing very profitable contracts, which encourages 

farmers to crop frequently the same few crops, to the detriment of other species with 

complementary agronomical functions in the rotation. 

1.2. CROPS AND FARMING SYSTEMS 

The most cultivated crops in Europe are cereals, with 258 millions of tonnes produced in 2007, 

including wheat (46% of cereal production in the EU-27 in 2007), barley (22%) and grain maize 

(18%). Other important crops are root crops, like sugar beets, with 110 millions of tonnes 

produced in 2007, and potatoes, with 56 millions of tonnes produced in 2007, as well as rapes, 

with close to 16 millions of tonnes produced in 2007 (Eurostat, 2009). 

Further, some crops are partly or completely consumed on farm, in the case of mixed livestock 

farming systems, and as a consequence, the choice of these crops is less dependent on the 

market opportunities and they are consistently inserted in the crop rotations. This is the case of 

the forage species like triticale, and of grain maize and numerous legumes, which are used as 

feed and feed complements for livestock. Producing their own feed is often seen as a profitable 

option by the farmers, who manage a mixed cropping livestock system, especially in the case of 

pig and cattle husbandry. Feed of the dairy cattle comes partly from grazing in temporary or 

permanent pastures.  

Ideally farms aim to be self-sufficient feed production systems. As a consequence the specific 

needs of animals requiring different diets, such as granivores, ruminants or grazing animals 

determine to a large extent the crop choices of the farmer, and as a consequence, have a major 

impact on the crop rotations practiced on the farm.  
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2.  ARABLE FARMING SYSTEMS 

2.1. LOCATION OF ARABLE FARMING SYSTEMS 

Arable farming systems are not equally concentrated in the different Member States, and 

Romania, Poland and Italy account for 63% of the farms specialised in arable crops in Europe, 

with circa 2,780,730 farms (Figure 2-1). 
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Figure 2-1: Total number of agricultural holdings specialised in arable cropping  

(based on Eurostat data) 

The cultivated areas specialised in arable cropping actually ranges from 5% of the national 

Utilised Agricultural Area (UAA) in Luxemburg to 76% of the national UAA in Bulgaria. Hungary 

has a share of 59% of agricultural lands dedicated to arable crop production. In Bulgaria and 

Hungary, there is a significant disparity between the share of arable crop specialised holdings 

and the share of the area (respectively 26% to 76% and 30% to 59%), which means that the 

agricultural activity is not concentrated, and that the arable cropping systems in these countries 

are performed in small and numerous farms. Arable farming systems are least represented in 

Ireland and Luxemburg, for both the share of holdings and the share of area (Eurostat, 2007). 

The number of holdings specialised in arable cropping actually ranges from 4% in Ireland to 62% 

in Finland (Figure 2-2; Eurostat, 2007).  
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Figure 2-2: Total production area of farms specialised in arable cropping (ha) (Eurostat) 
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Regarding the UAA specialised in arable crop production, France (9,863,950 ha), Spain 

(8,660,360 ha), Germany (5,722,900 ha) and the United Kingdom (4,726,770 ha) present the 

most important surface area dedicated to arable cropping systems in Europe, and own 49% of 

the EU-27 UAA dedicated to arable cropping systems, i.e. 17% of the EU-27 total UAA.  

This results in various farms characteristics among the Member States. On the one hand, 

Romania, Poland and Italy account for 63% of the farms specialised in arable crops in Europe, 

with circa 2,780,730 small farms (Eurostat, 2007). In the meanwhile, Bulgaria and Hungary have 

the highest proportion of agricultural land dedicated to arable crop production, with frequent 

and big farms covering respectively 76% and 59% of national total Utilised Agricultural Area 

(UAA) (Eurostat, 2007). France (9,863,950 ha), Spain (8,660,360 ha), Germany (5,722,900 ha) and 

the United Kingdom (4,726,770 ha) own 49% of the EU-27 UAA dedicated to arable cropping 

systems, i.e. 17% of the EU-27 total UAA, which is distributed among a few very big farms (more 

than 60 hectares on average). The higher concentration of arable cropping systems is found in 

the Northern countries like Finland (62%), Sweden (47%) and Denmark (57%), as well as in 

Eastern Europe and especially Slovakia (45%) (Figure 2-3). On the other hand, arable farming 

systems are least represented in Ireland and Luxemburg.  
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Figure 2-3: Share of agricultural holdings specialised in arable crops and their area of national 

total (new MS with yellow border) (calculation based on Eurostat data) 

 

Figure 2-4: Share of farms specialising in 

arable cropping (EUROSTAT) 

 

Figure 2-5: Share of farms’ area 

specialising in arable cropping (EUROSTAT) 
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2. 1. 1. CROP ROTATIONS IN ARABLE FARMING SYSTEMS 

2.1.1.1 Crop rotations with legumes 

2.1.1.1.1 Long crop rotations 

� Medium/rich soils 

Complement of description to REPORT-Table 3-3 

In the Rhône-Alpes region, crops face a continental climate, with dry and cold winters as well as 

warm summers; however, the most practiced rotation in the not irrigated organic systems of this 

region is similar to those practiced in the Ile-de-France region under oceanic climate. Both 

situations include predominating cereals. Compared with rotations 1 and 2 of Ile-de-France, the 

dominating rotation observed in the organic arable farming systems under the semi continental 

climatic conditions of the Rhône-Alpes region provides the same four occurrences of wheat in 

the crop succession, with an alfalfa-head of rotation. An additional oil crop and the two optional 

secondary cereals in Ile-de-France appear systematically with an occurrence legumes in. In the 

deep soils, the first secondary cereal may be maize. 

Half of the organic arable farmers in Ile-de-France rotate their crops in shorter rotations, 

between 4 and 6 years long. The basic elements of these rotations are grain crops and legumes, 

without alfalfa. The farmers applying this type of rotation face difficulties either in 

commercialising, or in producing alfalfa, due to inappropriate soil conditions (Alfalfa grows best 

in very mildly acid soils, having a pH of 6.2 - 7.8 (Spector, 2001) or insufficient materials. Here as 

well, the rotation can be prolonged with the optional insertion of a secondary cereal (Triticale, 

Spring Barley or Spelt). Wheat is cropped 2 times in the sequence of this type of rotation. Up to 

2007, the presence of clover in the rotations was often explained by the set-aside obligation, the 

clover field being declared as set-aside land, but the surface of clover has reduced since the end 

of the obligation. 

Table 2-1: Rotations without alfalfa in organic arable cropping systems in the Ile de France 

region, France (ITAB, 2008) 

 Oceanic climate 

 Deep soils 

Year Type of crops Examples of species 

1 Legume 
Clover, Spring Fava bean, Winter Peas or 

Winter Fava bean 

2 Wheat Wheat 

3 (Secondary Cereal) Maize, Triticale or Spring Wheat 

4 Legume 
Spring Fava bean, Winter Peas, Winter 

Fava bean or Clover 

5 Wheat Wheat 

6 (Secondary Cereal) (Triticale, Spring Barley or Spelt) 

 

Table 2-2: Rotation variants with sunflower and without alfalfa in organic arable cropping 

systems in the Ile de France region, France (ITAB, 2008) and in the Alps, Austria (Pers. Comm.: 

CA-AGES, 2008) 
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  Oceanic climate  Continental climate 

  Deep soils  Medium/good soils 

year Type of crops 
France 

year 
Austria 

Ile de France Foothills of Alps 

1 Legume Clover, Spring Fava bean 1 Clover, Bean 

2 Wheat Wheat 2 Wheat 

3 (Secondary Cereal) Triticale 3 Sunflower or Potato  

4 Oil crop Sunflower 4 (Winter Rye) 

5 Legume Spring Fava bean, Winter Peas 5 Clover or Tonka bean 

6 Wheat Wheat 6 Maize 

7 (Secondary Cereal) 
(Triticale, Spring Barley or 

Spelt) 
7 (Triticale or Wheat) 

- (Secondary Cereal) - 8 (Oat) 

 

Table 2-3: Rotation variant with oilseed rape without alfalfa in organic arable cropping 

systems in the Ile de France region, France (ITAB, 2008) and in the Rhône-Alpes region, France 

(ITAB, 2008) 

 Oceanic climate Continental climate 

 Deep soils  

Type of crops 

Ile de France - France Rhône-Alpes/Vallée du Rhône - France 

year 
Examples of 

species 
year Most common species Alternative species 

Legume 1 
Clover, Spring or 

Winter Fava bean 

1 

Alfalfa Clover 2 

3 

Cereal 2 Wheat 

4 Common Wheat 

5 Common Wheat 
Barley, Triticale, 

Rye or Maize 

Oil crop 3 Oilseed rape 6 Sunflower Oilseed rape 

Wheat 4 Wheat 7 Common Wheat 

Secondary Cereal - - 8 Barley, Triticale, Rye or Maize 

Legume 5 

Spring or Winter 

Fava bean or 

Winter Peas 

9 Clover Fava bean 

Wheat 6 Wheat 10 Common Wheat 

   11 Common Wheat 

   12 Barley, Triticale or Rye 

 

� Long crop rotations in Poland 

Table 2-4: Main rotation types in arable cropping systems in Poland (Majewski, 2009) 

 Humid continental climate 

 Poland 

year Rotation 1 Rotation 2 year Rotation 3 Rotation 4 

1 Peas Peas 1 
Alfalfa 

Peas 

- - - 2 Triticale 

2 Winter Wheat Oilseed rape 3 Wheat Triticale 

3 Rye Wheat 4 Wheat Wheat 

4 Sugar beet Sugar beet 5 Sugar beet Potato 

5 Barley Mixed Cereals 6 Barley Barley 
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2.1.1.1.2 Short crop rotations 

Complement of description to REPORT-Table 3-5 

The rotation pea followed by wheat is one of the most practiced rotations in Hungary (Birkas, 

2009). In some areas of Italy (Northern Italy on the Southern side of the Po river; Marche, 

Toscana, Lazio) a rotation is alfalfa - alfalfa - alfalfa - wheat - wheat. Wheat of this rotation is 

bread wheat in Northern Italy and either bread wheat or durum wheat in the other regions. 

Where irrigation water is available (e.g. the province of Mantova in Lombardia), the rotation 

becomes alfalfa - alfalfa - alfalfa - maize - wheat. The presence of alfalfa in arable farming 

systems is justified by the fact that alfalfa is sold outside the farm as dehydrated hay. In the case 

of France, on irrigated fields a three year rotation is generally practiced in organic and 

conventional farming also, with maize or barley inserted in the rotation after the wheat. The 

legume crop in Southern Europe (Italy and Spain) is soybean, fava bean or alfalfa, due to the 

preference of these plants for warmer climates10. In France and Hungary, the legume crop 

preceding wheat is generally pea. In France, the Ile-de-France region and Picardie region face an 

oceanic climate with rich and chalky soils, and are typically specialised in arable cropping. The 

most popular rotations, accounting each for 11% of the rotations practiced in these regions are 

R2 and R3 (Arvalis, 2008). In Italy, the biggest durum wheat producer in Europe, the cereal 

appearing in typical rotations is durum wheat. Further, durum wheat is also cultivated in mono-

cropping systems (e.g. in Sicily) or rotated with horticultural crops (tomato, aubergine, artichoke, 

broccoli, etc.) in Puglia (Italy) and in some plain areas of Calabria (Italy). 

The rotation peas/wheat/oilseed rape/winter barley is practiced both in Austria and France 

where it is particularly popular in some regions. This rotation accounts for 8.4 – 11.4 % of 

rotations practiced in the Centre, Picardie and Haute-Normandie regions.  

Table 2-5: Short rotations with legume in conventional arable cropping systems in Member 

States (Arvalis, 2009; Bechini, 2009; Lazanyi, 2009) 

  Oceanic climate 
Subtropical 

dry climate 

Humid 

continental 

climate 

year Type of crops 

France 
Italy – Veneto 

region 
Hungary 

Rotation 1 
Rotation 

2 

Rotation 

3 

Rotation 

4 

1 Legume Legume Soybean Lupins 

2 Cereal or Maize Cereal Maize Maize  Rye 

3 
complementary 

crop 

Oilseed 

rape 
Beet 

Winter 

Wheat 
Maize Potato 

4 Cereal Cereal  Maize (Rye) 

Complement of description to Table 2-5 

On the Northern side of the Po River (Italy), maize is the most important cereal, frequently 

cultivated (for grain or for silage) in monocultural systems (continuous rotation). In other cases 

(e.g. in Veneto) maize is rotated with soybean; however, the ratio between maize and soybean is 

rarely 1:1, and rotations with soybean are typically: soybean - maize - maize - maize.  

                                                           
10

 Cultivation of soybean is successful in climates with hot summers, with optimum growing conditions in mean 

temperatures of 20 °C to 30 °C 



Annexes - Final Report 

September 2010 

European Commission - DG ENV 

Environmental impacts of crop rotations in EU-27 
39 

 

Table 2-6: Long rotations in arable cropping systems in some Member States (Arvalis, 2009 and 

Pers. Comm.: Bergkvist, 2010) 

  Oceanic climate 
Humid continental 

climate 

year Type of crops 

France Sweden 

Nord Pas de Calais, 

Picardie 
 

1 Root crop Beet Turnip rape 

2 Cereal Cereal Winter Wheat 

3 
Secondary Cereal 

or fallow 
Cereal Fallow 

4 Other crop Potato Spring Cereal 

5 Cereal Cereal Spring Cereal 

6 Cereal Cereal Spring Cereal 

 

2.1.1.2 Crop rotations without legumes 

2.1.1.2.1 Long crop rotations  

Table 2-7: Short rotation types containing only cereals in arable cropping systems (Majewski, 

2009; BIO, 2010, 2009; Bechini, 2009) 

 Humid continental climate 
Oceanic 

climate 
Subtropical dry climate 

year 
Poland 

Ireland 
Italy 

Rotation 1 Rotation 2 Rotation 1 Rotation 2 

1 Triticale Winter Wheat Winter Wheat Durum Wheat Durum Wheat 

2 Triticale Winter Wheat Winter Barley Barley Oat 

3 Rye Triticale    

4 Rye     

2.1.1.2.2 Short crop rotations 

Table 2-8: Short rotation types with beet and without legume in arable cropping systems 

(Pers. Comm.: CA-AGES, 2009; Majewski, 2009; Arvalis, 2009; Bechini, 2009) 

 
Humid continental 

climate 
Oceanic climate 

Subtropical dry 

climate 

year Austria Poland 
France 

Italy 
Nord Pas de Calais Ile de France  

1 Beet 

2 Barley Cereal Maize 

3 Winter Wheat Potato Cereal  

4 Grain Maize Triticale Cereal   
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Table 2-9: Popular rotations without legumes in Hungary (Birkas, 2009)  

 Humid continental climate 

Year 
Hungary 

Rotation 1 Rotation 2 

1 Oilseed rape Sunflower 

2 Wheat 

These rotations were cited as the most practiced rotations in Hungarian arable cropping 

systems, where wheat, oilseed rape and sunflower are the three out of the four most grown 

crops after maize. In some cases, rotations including sunflower result from a legal constraint, for 

example, due to the high risks in plant protection, the continuous production of sunflower is 

legally forbidden in France. 

Table 2-10: Short rotation types with potatoes in arable cropping systems on poor soils, in 

Hungary and Poland (BIO, 2010; Majewski, 2009) 

  Humid continental climate 

year Type of crop Hungary 

Poland 

Rotation 1 Rotation 2 Rotation 3 
Rotation 

4 

Rotation 

5 

Rotation 

6 

1 Potato Potato 

2 Cereal Rye 
Winter 

Cereal 
Barley Oat Barley Oat 

3 Cereal Rye Spring Cereal Winter Wheat Triticale Rye Rye 

4 Cereal  
Winter 

Cereal 
Triticale     

 

2.2. MONOCULTURES 

Adapted policies may help reduce environmental impacts of monocultures. Before 2001 in 

Greece and Spain, only 5% of cotton areas were actually required to be rotated with other crops, 

i.e. a break crop was introduced every 20 years in average. With the implementation of a 

Regulation in 200111, which aimed to reduce environmental negative impacts of the intensive 

cultivation, rotations became obligatory only in Spain (about 85% of areas under cotton 

nowadays) but do not exceed 10% in Greece. However, if agricultural policies have conducted to 

progressive specialisation, involving larger farms and monoculture, climatic or soil conditions in 

some regions provide no viable alternative to monoculture, which may be the only profitable 

cropping system, such as maize monoculture in the Baden-Württemberg region of Germany. 

Crops cultivated in monoculture are therefore more robust than usual crop species. Spring 

wheat, winter rye and maize can be seen as exceptions, given the negative effects of self 

succession do not appear strongly and that it does not result in strong agronomic difficulties. 

However, for maize, since the apparition of the quarantine pest Diabrotica virgifera virgifera 

(Western corn rootworm) in several EU Member States (e.g. Italy Veneto, Piemonte or eastern 

France), maize monoculture may no longer remain as it is, and may even be forbidden locally 

(e.g. Veneto Italy, certain zones of Lombardia). A document of the European and Mediterranean 

Plant Protection Organisation confirms that interruption of maize monoculture is a key element 

                                                           
11

 Council Regulation (EC) No 1051/2001 
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in the eradication of diabrotica. Even self sequences of different legume species are not 

negatively related but are not grown, due to insufficient market opportunities (luxury succession 

- Hartmut, 2007). 

Varieties grown in monoculture are thus selected and bred for high yields (and consequent 

revenue) as well as for resistance to diseases and pest. Very often, crops in monoculture are 

cultivated on several to all parcels of the farm, of all sizes. For example, Greece produces more 

than 75% of EU cotton and essentially in monoculture, and on small farms. 

Table 2-11: Monocultures consistently observed in the arable cropping systems in some EU 

Member States 

Crop Countries  

Maize (grain) South of France, South of Italy, Northern side of the Po river in Italy, 

Poland, Austria (often with irrigation) 

Rice Northern Italy, Poland 

Rye Sweden (Cs) 

Oat Sweden (Cs) 

Barley Sweden (Cs) 

Spring Wheat Finland 

Durum wheat Mediterranean region: Greece, South of France, South of Italy, Sicily 

Oilseed rape Poland, Italy 

Cotton Greece, Spain 

 

In the following table, we estimate, for the different actors of the supply chain and the different 

types of maize, the importance of the impact (from not to poorly important ‘-/+’ to very 

important ‘+++’) of any measure to rotate or ban the maize cultivation. 

Table 2-12: Impact on the supply chain of grain, silage, sweet and seed maize of crop measures (Van Dijk 

Management Consultants, 2009)
 
 

Rotation or 

prohibition of 

maize cultivation 

Grain Silage Sweet Seed 

Growers + ++ +++ +++ 

Entities collecting 

grain maize 

(e.g. cooperatives) 

+ N.A. N.A. N.A. 

Processors -/+ N.A. +++ +++ 

Source: FCEC  

In Northern Italy, break crops like wheat or barley are regularly used and result in rotations like 

[maize - maize - maize – wheat] or [maize - maize - maize – barley]. The ratio between maize and 

break crop tends to be higher than 3:1 in Lombardia and Piemonte, and it tends to be lower in 

Friuli and Piemonte, due to less performing monoculture. This shows that real monoculture is 

rare and a rather academic notion (see ANNEX II – section 2.2 for more details on monoculture).  

 

2.3. CONSERVATION AGRICULTURE AND CROP ROTATIONS 

Over 16 million hectares were cultivated under conservation agriculture techniques in Europe in 

2005 (see ANNEX II – Figure 2-6) (ECAF, 2005), mainly in France, UK, Germany and Spain. 
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Techniques mainly used were minimum tillage with a plant cover (over 12 million hectares) and 

direct drill (3 million hectares). 1 million hectares of tree crops, basically olive and fruit trees, are 

also cultivated under conservation agriculture practices. 
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Figure 2-6: Share of agriculture areas under conservation agriculture in the EU (ECAF, 2005) 

Conservation agriculture and crop rotations potentially provide similar benefits to the 

environment: benefits on soils, such as reduced soil erosion, improved soil moisture content, 

healthier and more nutrient-enriched soil, more earthworms and beneficial soil microbes; 

environmental benefits on biodiversity such as reduced consumption of fuel to operate 

equipment, the return of beneficial insects, birds and other wildlife in and around fields; 

environmental benefits on water, with less sediment and chemical runoff entering streams, 

reduced potential for flooding; and finally environmental benefits on air such as less dust and 

smoke to pollute the air, and lower emissions of the greenhouse gas carbon dioxide from soils12. 

An agri-environmental measure has focused on conservation agriculture in Portugal, with 

specific actions for the promotion of minimum tillage and direct drill in grassy crops, and 

permanent vegetation covers in crops. Similarly, programmes supporting conservation 

agriculture were initiated in France and some regions of Spain and Germany (ECAF, 2005). 

                                                           
12

 http://www.bio.org/foodag/background/benefits.asp 
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3.  CATTLE REARING AND FATTENING FARMING SYSTEMS 

3.1. LOCATION OF CATTLE REARING AND FATTENING FARMING 

SYSTEMS 

In absolute number of heads, France (19,123,700 heads), Germany (12,969,700 heads) and the 

United Kingdom (10,075,000 heads) account for almost half (48%) of the cattle in the EU. 

Another five MS (ES, IE, IT, NL, PL) with a number of heads each between four million (NL) and 

six million (IT) account for 30% of the EU total number of cattle heads (Figure 3-2).The 12 new 

MS account for only 15% of all cattle in the EU. 
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Figure 3-1: Agricultural holdings specialised in cattle rearing and fattening and their area of 

national total, 2007 (calculation based on Eurostat data) 
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Figure 3-2: Number of heads in cattle rearing and fattening farms (2008, EE-2004, BG-2005, CY, 

FR, IT, LU, MT-2007, Eurostat) 

The largest areas of cattle rearing specialised farms in the EU are in France (3,787,400 ha), 

Ireland (1,878,730 ha), Spain (1,793,040 ha) and the UK (1,724,120 ha), accounting altogether 

for 70% of all cattle rearing farm area in the EU. In terms of agricultural area dedicated 

specifically to cattle rearing Germany is only on the fifth place which can be explained by the 

predominance of farms with diverse livestock (46% of all farms with livestock) whereas cattle 

rearing specialised farms have a share of only 9%. The same structure of farms with livestock is 

typical of new MS where the share of specialised cattle rearing and fattening farms can be as low 

as 1% amongst all farms with livestock as it is in Hungary and Poland. 
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Figure 3-3: Production area of farms specialised in cattle rearing and fattening (ha) (Eurostat) 
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The map of regional distribution of grasslands, presented in Figure 3-4, gives an overview of the 

significance of grazing animal husbandry in the EU at the NUTS 2 level (NUTS is a precise level in 

terms of geographical set of data – country, region, city etc.). 

 

Figure 3-4: Grassland area in European NUTS 2 regions, 2005 (source: Eurostat, 2005) 

The mixed farming systems with livestock are the most adapted to organic farming as they 

provide the conditions for a balanced system between soil and production (livestock and crops). 

The grazing livestock uses the forage crops (temporary grasslands, alfalfa, clover, etc.) which 

ensure the fertilisation of soil for crop production (Schmidt et von Fragstein, 1999 in David et al., 

2004; ITAB, 2008). 
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3.2. CROP ROTATIONS IN CATTLE FARMING SYSTEMS 

3.2.1.1 Crop rotations with legumes  

� Long crop rotations 

Table 3-1: Long rotations of organic cattle rearing farms in France (ITAB, 2008) 

 Oceanic climate 

year France – Centre 

France - 

Franche 

Comté 

France - 

Aquitaine 

Clay-

limestone 

soil 

Poor soil 

1 

Alfalfa Temporary grassland 

Temporary 

grassland or 

Alfalfa 
Alfalfa 

Temporary 

grassland or 

Alfalfa 

2 

3 - 

6 Winter Wheat 

7 Secondary Cereal (Barley) Sunflower 
Spring Fava 

bean 
Soybean 

8 
Oilseed 

rape 
Potato Maize Legume (Fava bean) 

Winter 

Wheat 
Triticale 

9 Winter Wheat 
Secondary Cereal 

(Winter Barley) 

Peas or 

Cereal+Legume 

10 Secondary Cereal Peas Oat Maize   

11 Legume Potato Lentil   

12 Winter Wheat Fava bean Peas Oilseed rape   

13 Secondary Cereal      

 

Table 3-2: Long rotations of organic cattle rearing farms in France (ITAB, 2008) 

 Oceanic climate 

year France - Franche Comté 
France - Auvergne France - Centre 

Hydromorph soil Limy soil 

1 

Temporary grassland Alfalfa-Dactylis 2 

3 

4 
(Temporary grassland) - 

5 

6 Winter Wheat 

7 

Cereal mix (Barley+Oat+Triticale+Peas or 

Naked Oat+Winter Fava bean or 

Triticale + Peas or Peas+Barley) 

8  Legume 

9  Oat or Barley+Clover Winter Wheat 
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Table 3-3: Long rotations of organic cattle rearing farms in Normandy, France (ITAB, 2008) 

 Oceanic climate 

year France - Normandy 
France - Pays de la Loire  France - Aquitaine 

Limy soil Poor soil 

1 

Raygrass+Festuca+White Clover 

Ray-grass + White Clover or 

Ray-grass + Red Clover or 

 Alfalfa 
Temporary grassland 

2 

3 

4  

5 Raygrass+Festuca+white clover  - 

6 Maize   

7 Winter Wheat - Soybean 

8 Fava bean Fava bean Maize 

9 Winter Wheat Winter Wheat Cereal+Legume 

10 Cereal+Legume Sunflower  

 

Table 3-4: Long rotations with alfalfa in Spain, Castile and León 

 Oceanic / subtropical climate 

year 
Spain, Castile and León 

Clay soil 

1 
Alfalfa 

2 

3 Sugar Beet Beet 

4 Potato 

5 Winter Wheat Maize  
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3.2.1.1 Crop rotations without legumes 

Table 3-5: Short crop rotations without legumes in cattle rearing farms in Belgium and France 

 Oceanic climate 

 

Belgium-Wallonia France-Pays de Caux 

France-Champagne 

Year Crayeuse, 

Beauce 

Humide, Calcaires, 

Jurassique 

1 Winter Wheat 

2 (Cereal) (Barley) (Winter Wheat) 

3 Maize Oilseed rape Potato Beet Oilseed rape 

 

Table 3-6: Short crop rotations without legume crops in cattle rearing farms in Belgium 

 Oceanic climate 

Year Belgium-Wallonia 

1 Winter Wheat 

2 (Maize) (Potato) (Beet) Flax 

3 Beet Potato Maize Beet Potato Maize Beet  

 

Table 3-7: Crop rotations without legume crops in cattle rearing farms in Belgium and Poland 

 Oceanic climate Humid continental climate 

Year Belgium-Wallonia 
Poland 

 Rotation 1 Rotation 2 Rotation 3 

1 Maize 
Beet or 

Potato 
Triticale 

2 Maize Potato Maize Cereal mix 

3 Beet Flax Beet - Triticale 

4 - - - - Oilseed rape 
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4.  DAIRY FARMING SYSTEMS 

4.1. LOCATION OF DAIRY FARMING SYSTEMS 

About 28% of the EU’s mixed farm area is classified as dairy farm, which accounts for somewhat 

more than 10% of the EU UAA corresponding to 18.45 million ha. Since the post-war years, 

European cattle production has become increasingly regionalised, as presented in Figure 4-2. 

Over 80% of dairy production is to be found to the north of a line joining Bordeaux (France) and 

Venice (Italy) especially concentrated in the regions of Lombardy (It), Schleswig-Holstein (De), 

South-West and North West region of England, Southern and Eastern Ireland, most of Belgium 

and the Netherlands, Cantabria (Es) and Malta (FADN EU 1999; Centre d’Information des 

Viandes, 2009).  

In old MS the share of dairy farms of the national UAA varies generally between 9% and 25% (AT, 

BE, DE, DK, FI, FR, IE, SE, UK) with a remarkably lower share in Southern Europe. In Spain and 

Portugal there is generally more emphasis on cattle rearing and fattening than dairy farming, 

and in Greece on other types of livestock than cattle.  

In the new MS this figure ranges from 2.3% in Romania, where mixed livestock rearing is more 

typical than specialisation, to 18.7% in Slovenia, where specialised dairy farming is the most 

important amongst mixed farm types. 

The share of dairy specialised holdings is half of the share of their area; around 5% both in the 

zone of old and new MS. In old MS 30% of the area used by mixed farms is attributed to 

specialised dairy farms, and 40% of the area is managed by farms with mixed livestock. These 

figures regarding the new MS are 18% as for the area of dairy farms and 76% as for the area of 

farms with mixed livestock. 
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Figure 4-1: Share of agricultural holdings specialised in dairy farms and their area of national 

total, 2007 (based on Eurostat data) 

In absolute number of heads, Germany (4.2 millions heads), France (3.7 millions heads) and the 

Poland (2.7 millions heads) account for 44% of the cattle in the EU (Figure 4-3). From the new 

MS Poland has the highest number of dairy cows (2,696,900). Another four MS (UK, IT, NL, RO), 

each with a number of heads between 1.4 million and 2 million, account for 30% of the EU total 

number of cattle heads. The 12 new MS altogether account for 25% of all dairy cows in the EU 

which is proportional to their share of UAA (27%).  
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Figure 4-2: Dairy cows in European NUTS 2 regions, 2005 (source: Eurostat) 
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Figure 4-3: Number of thousand heads in dairy farms, 2008, EE-2004, BG-2005, CY, FR, IT, LU, 

MT-2007 (source: Eurostat) 

Such as the greatest number of dairy cows, the largest areas of dairy farms in the EU are in 

Germany (3.86 million ha 3860950 ha) and France (3.81 million ha) too. The dairy farm areas 

found in these two countries correspond to 41% of all dairy farm areas in the EU (Figure 4-4). 

Poland accounts for the largest area of dairy farms among new MS with 1.36 million ha.  
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Figure 4-4: Total production area of mixed farms specialised in dairy farming (ha) (Eurostat) 

Since the post-war years, European construction has led to cattle production becoming 

increasingly regionalised, as presented in Figure 4-2. Over 80% of dairy production is to be found 

to the north of a line joining Bordeaux (France) and Venice (Italy) (FADN EU 1999; Centre 

d’Information des Viandes, 2009). The specialised regions of dairy farming are Lombardy (It), 

Schleswig-Holstein (De), South-West and North West region of England, Southern and Eastern 

Ireland, most of Belgium and the Netherlands, Cantabria (Es) and Malta. 

4.2. CROP ROTATIONS IN DAIRY FARMING SYSTEMS 

4.2.1.1 Crop rotations with legumes  

� Long crop rotations 

� Medium/rich soils 

Table 4-1: Rotations in organic dairy farming systems based on alfalfa and cereals (ITAB, 2008) 

 Oceanic climate 

Year France - Brittany France –  

Centre region 1 Rotation 1 Rotation 2 Rotation 3 Rotation 4 

2 
Alfalfa 

Alfalfa 
Alfalfa or orchard 

grass 
3 

4 (Alfalfa) 

5 Wheat 

6 Oat Legume Fava bean Wheat Triticale and Peas 

7 Legume Wheat Oat or Rye Fava bean Legume 

8 Wheat Secondary Cereal Winter Barley Oat or Rye Wheat 

9 Secondary Cereal   Winter Barley  

 

Table 4-2: Rotation in organic dairy farming systems in the poor soils of the Champagne 

Ardennes region, France (ITAB, 2008) 

 Oceanic climate 

year Type of crops 

1 Temporary Grassland (Clover + 

Italian Raygrass)  2 

3 Wheat 

4 Sunflower 

5 Spring Barley 

6 Winter Oat 

7 Winter Triticale or Maize 
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Table 4-3: Rotations with temporary grassland, maize and cereals in organic dairy farming 

systems in France (ITAB, 2008) and in Denmark (Bruun, 2006) 

 Oceanic climate 

Year France - Normandy region 
France - 

Brittany 

France - Pays de la Loire 

region 

West 

Denmark 

 Rotation 1 Rotation 2 Rotation 3  

Common 

crop 

rotation 

Alternative 

crop rotation 
 

1 

Temporary grasslands (raygrass, fescue, 

White clover) 

Alfalfa 

or 

Temporary 

grasslands 

Fallow or set-aside land 

Temporary 

grassland 2 

3 

- 4 

- 
5 

(Temporary grasslands) 

 

6 Silage Maize Maize 
Wheat and 

green manure 
Barley 

7 Mix Cereal/Legume Wheat Fava bean Maize 
Winter 

Wheat 

8 

Temporary 

grassland 

Barley Fava bean Triticale Wheat 
Mix Cereal/ 

Legume 

Maize 

silage 

9 
Secondary 

Cereal 
Wheat Fava bean Mix Cereal/Legume Barley 

10 Mix Cereal/Legume Oat or Rye 
Mix Cereal/ 

Legume 
  

11 
Mix Cereal/ 

Legume 
 

Winter 

Cereals - mix 
   

12 
(Temporary 

grassland) 
      

13 
Secondary 

Cereal 
      

14 
Mix 

Cereal/Legume 
      

15 
Mix 

Cereal/Legume 
      

 

Table 4-4: Rotations in French organic dairy farming systems (ITAB, 2008) 

 Oceanic climate 

year France - Brittany 

1 Alfalfa + Red Clover 

2 Spelt 

3 Marrow 

4 Spelt 

5 Marrow 

6 Spelt 

 

 



52 
European Commission - DG ENV 

Environmental impacts of crop rotations in EU-27 

Annexes - Final Report 

September 2010 

 

Table 4-5: Rotations in organic dairy farming systems in Brittany (ITAB, 2008) in conventional 

farms in Poland (Majewski, 2009), Denmark (Bruun, 2006), France – Normandie, Picardie, 

Ardennes (Arvalis, 2009) and Baden Württemberg region, Germany (Pers. Comm.: Clinkspoor 

ITADA, 2009) 

 Oceanic climate Humid continental climate 
Oceanic 

climate 

Oceanic climate/ 

Humid continental 

climate 

year France - Brittany 
Poland West 

Denmark 

France, Germany 

Rotation 1 Rotation 2 Rotation 3  

1 
Oil seed rape or 

mustard 
Oilseed rape 

2 

Barley or 

Buckwheat or 

Hemp 

Wheat 

3 
Wheat or Barley 

or Triticale 
Cereal (Triticale) 

Triticale or 

Wheat 
Barley Barley or Maize 

4 Spring Fava bean Wheat Sugar Beet Peas  

5 Maize Maize (Triticale) Barley Wheat  

6     Potato  

7     Barley  

8     Rye  

 

� Poor soils 

Table 4-6: Rotations in French organic dairy farming systems (ITAB, 2008) 

 Oceanic climate 

year Type of crops  Example of species 

1 Root crop Potato, Beet or Endive 

2 Cereal Wheat, Spelt, Triticale 

3 Fava bean Fava bean 

4 Wheat Wheat 

5 Secondary Cereal Triticale, Winter or Spring Oat 

 

� Short crop rotations 

Table 4-7: Rotations in French conventional dairy farming systems (Arvalis, 2009) 

 Oceanic climate 

year Type of crops 

1 Barley 

2 Cereal 

3 Legume 

4 Cereal 
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Table 4-8: Rotations in organic dairy farming systems in Brittany region, France (ITAB, 2008) 

 Oceanic climate 

year Type of crops  

1 Cereal mix 

2 Legume 

3 Winter or spring Fava bean 

 

4.2.1.1 Crop rotations without legumes 

Table 4-9: Rotations in conventional dairy farming systems in Poland (Majewski, 2009) and in 

organic dairy farming systems in Denmark (Bruun, 2006) 

 Humid continental climate Oceanic climate 

 Poland 
East Denmark 

 Rotation 1 Rotation 2 

1 Sugar Beet Potato Sugar beet 

2 Barley Cereal mix Barley 

3 Oilseed rape Maize Winter Wheat 

4 Wheat Barley Winter Wheat 

5 Triticale or Wheat Triticale Rye 

6   Barley 

7   Winter Barley 

8   Winter Wheat 

 

Table 4-10: Rotations with cereals in conventional dairy farming systems (Majewski, 2009) 

 Humid continental climate 

 Rotation 1 Rotation 2 

1 Triticale  Triticale 

2 Maize Triticale/Cereal mix 

3 Barley Rye 

4  Rye 
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5.  PIG REARING AND FATTENING FARMING SYSTEMS 

5.1. LOCATION OF PIG REARING AND FATTENING FARMING SYSTEMS 

Pigs’ diets are highly dependent on cereals and grains13 which has an impact on the crop choice, 

and as a consequence, on the rotation choice of mixed farms with a focus on pig rearing. The EU 

statistical classification thus lists pig specialist farms under the category of “Specialist 

granivores” (i.e. monogastrics), which involves the subcategories presented in Table 5-1. 

Table 5-1 : EU classification of “granivores” 

Sp
e

ci
al

is
t 

gr
an

iv
o

re
s 

Specialist pigs 

Specialist pig rearing 

Specialist pig fattening 

Pig rearing and fattening combined 

Specialist poultry 

Specialist layers 

Specialist poultry-meat 

Layers and poultry-meat combined 

Various granivores 

combined 

Pigs and poultry combined 

Pigs, poultry and other granivores combined 

As exhaustive data on agricultural surface and number of holdings regarding the 27 MS was only 

available for Specialist granivores, and mixed farms with mainly granivore livestock the figures 

used are based on the data of these categories. There is a notable disparity among MS regarding 

the share of granivore specialist farms of total number of farms (Figure 3-1). At the EU level 3.5% 

of UAA is cultivated as granivore focused farms and 11.2% of all agricultural holdings are 

dedicated to granivore rearing. The highest share of farms specialized in granivore rearing is in 

Hungary (36.1%), whereas the highest share of UAA of granivore rearing farms is situated in 

Poland (11.1%).  
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Figure 5-1: Share of agricultural holdings specialised in granivore livestock rearing and their 

area of national total, 2007 (calculation based on Eurostat data) 

In absolute number of heads, five MS account for more than half (53%) of the pigs reared in the 

EU: Germany (26 686 800), Spain (26 025 700), France (14 970 100), Poland (14 242 300) and the 

Netherlands (11 735 000) (Figure 3-2). 

                                                           
13

 To grow rapidly and efficiently, swine need a high energy, concentrated grain diet that is low in fibber (cellulose) 

and is supplemented with adequate protein.( www.goats4h.com/Pigs.html#feed) 
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Figure 5-2: Pig density in European NUTS 2 regions, 2005 (source: Eurostat) 
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Figure 5-3: Number of heads in pig rearing farms in 2008 
14 
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 Ee-2004, Bg-2005, Cy, Fr, It, Lu, Mt-2007, Eurostat, 2008 
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Figure 5-4: UAA of granivore specialised farms in the EU (Source: Eurostat) 

The regional distribution of pig density is presented in Figure 4-4. The pig specialised regions of 

Spain, France, Northern Italy, Germany, the Low Countries and Poland are well distinguishable. 

5.2. CROP ROTATIONS IN PIG FARMING SYSTEMS 

5.2.1.1 Crop rotations with legumes  

� Long crop rotations  

Table 5-2: Rotation with pea in Denmark (Bruun, 2006) 

 Oceanic climate 

year Type of crops 

Rotation 1 

(annual precipitations: 

991 mm) 

Rotation 2 

(annual precipitations: 

661 mm) 

1 Cereal Winter Wheat  Winter Wheat 

2 Root crop or Maize Potato Silage Maize  

3 Cereal Barley  Barley 

4 Cereal or Grassland Rye Temporary grassland 

5 Cereal or Grassland Oilseed rape Temporary grassland 

6 Cereal Winter Wheat Barley 

7 Cereal Barley - 

8 Peas Peas - 

 

Table 5-3: Long rotation without legume in Denmark (Bruun, 2006) 

 Oceanic climate 

year Type of crops 
Rotation 1 

991 mm
15

 

1 Cereal Winter Wheat 

2 Root crop Sugar Beet 

3 Cereal Barley 

4 Cereal Winter Wheat 

5 Cereal  Winter Wheat 

6 Cereal Rye 

7 Cereal Barley 

8 Cereal  Winter Barley 

 

                                                           
15

 Average precipitation per year 
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Table 5-4: Typical rotation in organic farming system in Brittany, France (ITAB, 2008) 

 Oceanic climate 

year Type of crops Examples of species 

1 Maize Maize 

2 Green manure Oilseed rape or mustard 

3 Spring Cereal or Hemp Barley, Buckwheat or Hemp 

4 Winter Cereal Winter Cereal 

5 Spring Fava bean Spring Fava bean 

 

Table 5-5: Rotation of Northern Austria on medium or rich soils (Pers. Comm.: CA-AGES, 2009) 

 Humid continental climate 

year Type of crops Examples of species 

1 Maize (Grain) Maize 

2 Cereal Wheat or Winter Barley 

3 Cereal, Maize or Oil crop Winter Barley, (Grain) Maize, Oilseed rape or Sunflower 

4 (Winter Barley or Maize) (Winter Barley or Maize) 

5 (Sugar Beet or Maize) (Sugar Beet or Maize) 

 

Table 5-6: Rotation of pig farms on poorer soils in Poland (Pers. Comm.: Majewski, 2009)  

 Humid continental climate 

year Rotation 1 Rotation 2 

1 Potato 

2 Barley  Oat 

3 Triticale 

4 Rye 

5 Triticale 

 

� Short crop rotations  

Table 5-7: Typical cereal based rotation of pig farms in Poland (Pers. Comm.: Majewski, 2009) 

 Humid continental climate 

year Rotation 1 Rotation 2 Rotation 3 

1 Winter Wheat Triticale  

2 Winter Wheat Cereal mix 

3 Triticale  Rye 

 

Table 5-8 : Rotations in mixed farming systems with predominant cereal production (dairy 

farming and pig farming) in Baden Württemberg, Germany (Pers. Comm.: Clinkspoor 2009). 

  Oceanic climate 

year Rotation 1 Rotation 2 Rotation 3 

1 Maize Oilseed rape Soybean 

2 Wheat Wheat Maize 

3  Maize Wheat 
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Table 5-9: Typical Maize based rotation of pig farms in Western Europe (Pers. Comm.: Bechini, 

2009; Guillaume, 2009) 

 Oceanic climate/Subtropical dry climate 

year Crop 

1 Maize 

2 Barley, Common Wheat 

or Durum Wheat 

Sugar Beet, Soybean, Oilseed 

rape or Sunflower 

 

Table 5-10: Rotation with two in Wallonia, Belgium (Guillaume, 2009) 

 Oceanic climate  

year Type of crop 
Examples of 

species 

Examples of 

species 

1 Cereal Winter Wheat Winter Wheat 

2 Cereal 
Winter Wheat or  

Barley 
Barley 

3 
Root crop or 

other  

Sugar Beet or 

Potato 

Maize or 

Oilseed rape 

 

Table 5-11: Short rotation with wheat, root crops and in Wallonia, Belgium (Guillaume, 2009) 

 Oceanic climate 

year Type of crop Examples of species 

1 Wheat Winter Wheat 

2 Root crop  Beet, Sugar Beet or Potato 

(3) (Root crop or Maize) (Beet, Sugar Beet, Potato or Maize) 

 

Table 5-12: Short rotation with wheat, root crops and in Wallonia, Belgium (Guillaume, 2009) 

 Oceanic climate 

year Type of crop Examples of species 

1 Wheat Winter Wheat 

2 Oil crop or Maize  Flax, Oilseed rape or Maize 

(3) (Root crop) (Beet or Potato) 

 

Table 5-13: Rotation exclusively with root crops in Wallonia, Belgium (Guillaume, 2009) 

 Oceanic climate 

year Type of crop Crop 

1 Root crop Beets 

2 Root crop Root crop 

3 Root crop Potato 
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1.  BIODIVERSITY 

1.1. SCALE OF IMPACT 

Impacts of crop rotations on biodiversity can be seen at diverse levels, from genetic diversity to 

ecosystem diversity. The impacts of the practices related to crop rotations occur at the field level 

regarding the spatial dimension, but with an impact on the field borders and on landscape.  

Certain earthworm populations grow if grass ley is kept, but if the rotation requires tilling the 

field, a consistent share of earthworms’ biomass and diversity may disappear within a few hours, 

and need months to come back to its previous level (Armstrong, 2000). Traffic on fields can have 

an immediate impact when destroying nesting birds, while pesticides use may show an impact 

only after some time and genetic pressure may show only in the long-term. On the long-term, 

intensive practices have also led to a decline in farmland bird populations (PECBMS, 2009).  

From a general perspective, rotations requiring intensive practices such as intense chemical 

control, usual tillage, with mechanical traffic on fields, tend to the longer-term depleting impacts 

on biodiversity. These are more likely short rotations, including market crops, sensitive to weeds 

and pests. Rotations requiring moderate practices such as conservation tillage, diversified 

rotations, organic treatments, impact biodiversity moderately and an ecosystem can be 

maintained on fields (see Table 1-1 and Table 1-2). 

1.2. IMPACTS OF CERTAIN CROP ROTATIONS ON BIODIVERSITY  

Table 1-1: Impacts of certain crop rotations on biodiversity 

Types of impacting crop 

rotations 

Impacted aspect of 

biodiversity (++/+/=/-/--) 
Comments 

 
Soil 

biodiversity 

Fauna 

above 

soil 

Plant 

biodiversity 
 

monoculture of maize -- -- -- 

� Monoculture of maize has a negative 

impact on biodiversity: as the 

ecosystem is homogenised, habitat 

and food supplies are reduced, and a 

few species are adapted to the new 

ecological conditions. However, the 

density of some adapted species 

(some staphylinids) may be greater. 

� Maize monoculture in irrigated 

intensive conventional systems and 

involves continuous manipulation of 

soil, high inputs levels, often with 

limited surrounding margin, i.e. no 

refugee for biodiversity 

� However, when grown under 

conservation agriculture negative 

impacts are significantly reduced. 

[oilseed/wheat] or 

[oilseed/wheat/barley] 
- to = - to = - to = 

� This rotation includes only two 

families of plants. Biodiversity is 

enhanced to a limited extent, both in 

and around the fields, compared to 

maize monoculture. However, this 
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Types of impacting crop 

rotations 

Impacted aspect of 

biodiversity (++/+/=/-/--) 
Comments 

 
Soil 

biodiversity 

Fauna 

above 

soil 

Plant 

biodiversity 
 

type of system is commonly 

dependent on high levels of inputs, 

and biodiversity is rather low in such 

systems. 

[maize/wheat] or 

[wheat/maize/wheat] 
- - - 

� This rotation is very close to 

monoculture. In conventional 

farming, it requires high input 

demand and consistent disturbance 

of ecosystems, which is generally 

damaging to biodiversity. 

[sunflower/wheat] or 

[sunflower/durum wheat] 
- to = - to = - to = 

� This rotation is very close to 

monoculture. In conventional 

farming, it requires high input 

demand and consistent disturbance 

of ecosystems, which is generally 

damaging to biodiversity. However, 

the rotation alternates spring and 

autumn sowing, which diversifies the 

practices and can have a slightly 

beneficial effect on biodiversity 

[legumes/wheat/ other cereal] - to + = - to + 

� This rotation contains three families, 

which is positive for biodiversity. 

Legumes provide beneficial impacts 

on biodiversity, first by increasing the 

soil N content and therefore reducing 

the chemical inputs needs, second by 

breaking the cycle of pests and weeds 

and therefore reducing the herbicides 

and pesticides needs. 

[potatoes/spring barley/winter 

wheat/triticale] 
- to = - to = - to = 

� Cereals are highly present in this 

rotation, alternating relatively 

homogeneous crops, which has rather 

negative effects on biodiversity. 

Furthermore, potatoes have a 

negative effect on biodiversity as a 

result of intensive cultivation, poor 

ground cover in spring and high 

pesticide input (Gardner et al., 1998). 

[sugar beet/spring barley/oil-

seed rape/winter wheat/winter 

wheat] 

- to + - to + - to + 

� This rotation is longer and presents 

four different families, and is 

expected to have a positive effect on 

biodiversity, as pests and weeds 

cycles may be broken and chemical 

inputs needs may be reduced. 

[sugar beet/cereal (1 or 2 years)/ 

potatoes/ cereal (1 or 2 years)] 
- to = - to = - to = 

� This longer rotation presents at least 

three families but lacks legumes. The 

impact of potatoes described above is 

also expected to have a negative 

impact on biodiversity. 

[Temporary grasslands (2 years)/ 

Barley/ Winter Wheat/ Maize 

silage/ Barley] 

= to + = to + = to + 

� This rotation would have beneficial 

impacts on soils and on the fauna, 

especially birds, if the grasslands are 
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Types of impacting crop 

rotations 

Impacted aspect of 

biodiversity (++/+/=/-/--) 
Comments 

 
Soil 

biodiversity 

Fauna 

above 

soil 

Plant 

biodiversity 
 

multispecies and provide a diversity 

of food and habitat to living species. 

Temporary grasslands can be a refuge 

habitat for numerous species. 

Furthermore, grasslands are often 

used in a rotation to control weeds 

(Larbaneix G., 2008 RotAB), thus 

having a beneficial effect on 

biodiversity by reducing herbicide 

use.  

� Set-aside was also shown to have 

helped to enhance the habitat and 

food resources available to over-

wintering species (Firbank et al., 

1992, Wilson et al., 1996 in Gardner 

et al., 1998). 

Extensively used areas + to ++ 
+ to 

++ 
+ to ++ 

� When biodiversity is less disturbed, 

for instance in extensively used areas, 

numerous species can find a refuge 

and flourish. For instance, butterfly 

species richness was shown to be 

higher in extensive meadows than in 

intensive meadows (Jeanneret et al. 

2003).(This actually refers to 

meadows managed in extensive 

agriculture farming and in intensive 

agriculture farming) 

Arable crops and grass leys - to + - to + - to + 

� The use of longer rotations with grass 

leys generally favours both faunal and 

floral diversity and soil microbial 

activity, by enhancing habitat 

diversity, by providing habitat to 

species during the winter and 

harvest-time, by breaking the pests 

and weeds cycles and therefore 

reducing the use of chemicals and by 

being a beneficial preceding crop in 

terms of “green” fertilisation 

(Gardner et al., 1998). 

� In conclusion, two- or three- year leys 

in a rotation are particularly 

important for many elements of 

biodiversity, and more easy to 

implement in mixed farming systems. 

In complement, additional practices 

such as a reduced use of 

pesticides/herbicides and 

sympathetic margin management 

may impact biodiversity positively. 

Examples of such rotations include 

[legumes (alfalfa, clover, diversified 

leys…)/wheat/other cereal] 

� Crop rotations including grass leys 
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Types of impacting crop 

rotations 

Impacted aspect of 

biodiversity (++/+/=/-/--) 
Comments 

 
Soil 

biodiversity 

Fauna 

above 

soil 

Plant 

biodiversity 
 

and set-aside add considerably to the 

diversity and activity of some species 

within cropped areas (Gardner et al., 

1998). 

 

Table 1-2: Impacts of crop rotations on environmental aspects of biodiversity 

Impacted aspect 

of biodiversity 
Example of impacting crop rotations 

Critical farming practices in the 

impacting crop rotations 

 
(+) positive 

impact  

(=) neutral 

impact 

(-) negative 

impact 
 

Soil biodiversity 
Permanent 

meadows 

Temporary 

meadows 
Monoculture 

Tillage 

Use of pesticides 

Uncovered soil (impact on organic 

matter content)? 

Fauna above soil 
Permanent 

meadows 

Temporary 

meadows 

Diversified crop 

sequences 

Monoculture 

Bare soil 

Use of pesticides 

Disturbance through traffic 

Plant biodiversity 
Permanent 

meadows 

Diversified crop 

sequences 
Monoculture 

Use of herbicides 

Cultivation of the same plants/type of 

plants in the fields 
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1.3. PARAMETERS INFLUENCING THE IMPACT OF CROP ROTATIONS ON 

BIODIVERSITY 

Table 1-3: Parameters influencing the impact of crop rotations on soil biodiversity 

Parameter 

Impacts 

(++/+/=/-/-

-) 

Comment Trade-off 
References 

(impacts) 

Farming 

intensity 
- 

- for intensive farming practices, even after 

moving to more respectful practices, 

microbial biomass, species number and 

abundances or collembola as well as of 

earthworms are still low the first year after 

moving. Two years after, earthworms 

biomass is still extremely low, while 

collembla and microbial populations have 

reached the values of crop rotations 

agriculture, hold as a reference. Collembola 

species presented various shares in the global 

collembola population between the ex-

intensive and the crop rotations cropping 

systems. 

- for severe reductions of earthworm 

numbers, with simultaneous high mesofauna 

abundances, result in increased 

mineralisation rates, which in turn leads to 

higher depleting effects of contaminations 

and pollutions. 

+/- depending on earthworms, Lumbricus 

terrestris is negatively impacted by arable 

crops, whereas populations increase during 

the grass ley part of the rotation; 

Aporrectodea caliginosa on the contrary 

follows no pattern corresponding to crop 

sequence. 

Intensive 

farming results 

from the need 

to ensure high 

yields, useful to 

nourish 

populations and 

animals, and to 

perform 

profitable 

agriculture 

Filser, 1995 
Armstrong, 

2000 

Management 

practices 

+/=/- 

depending 

on species 

+/=/- depending on species; reactions of 

organism groups may be 

positive/neutral/negative to the 

management practices, which cause distinct 

alterations of the population structure, 

without altering the population size 

Management 

practices result 

from the need 

to control crop 

production and 

to ensure 

sufficient yields 

and revenues 

Anderson and 

Domsch, 
1990; Curry, 

1986; 
Edwards, 
1977; Hassink 

et al., 1991; 
Hendrix et al., 

1987; Filser, 
1992; 
Heimann-

Detlefsen, 
1991; 
Lagerlöf, 

1987; IFORE, 
2008; 

Gardner et 
al., 2008, 
Rovillé and 

Aufray, 2010 

Pesticides - 

- for high pesticides inputs in intensively 

managed permanent crops, which impact soil 

fauna. Structural changes occur in the 

population species, and sensitive species may 

be eliminated or reduced. 

pesticides are a 

usual mean for 

pest control and 

to ensure 

satisfying yields 

Filser, 1993; 

Hüther, 1961 

Tillage - - for tillage, which reduces macroaggregates, No tillage leads Dick, 1992 
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Parameter 

Impacts 

(++/+/=/-/-

-) 

Comment Trade-off 
References 

(impacts) 

which provide habitat to microbial activity 

and therefore biological activity 

- for conservation agriculture (and no-

tillage), lower impact at maintaining soil 

microbial activity compared to animal and 

green manures and crop rotations 

to mulch 

creation, with 

increased 

parasites 

amounts and 

more complex 

sewing 

Tillage leads to 

depletion of soil 

structure and 

superficial 

earthworms 

populations 

Rovillé and 
Aufray, 2010 
Diffley, 2007 

Lupway et al., 
1998 

Crop 

rotations 
+ 

+ for plant diversity (crop rotations), which 

are important in maintaining soil microbial 

activity/diversity in monocultural systems, 

more than conservation tillage. Crop rotation 

promotes crop productivity by suppressing 

deleterious microorganisms that flourish 

under monoculture. 

Need to forecast 

the rotation and 

weak flexibility 

to adapt to 

fluctuating 

market 

opportunities 

Dick, 1992 

Fertilisation - 

- for fertilisers, which were involved in the 

suppression of mycorrhizae, however many 

other factors played a role in this suppression  

Fertilisers are a 

usual mean to 

ensure 

satisfying yields 

and revenues 

Reddersen, 

1995a, 1995b 
and 
Macdonald & 

Smith, 1991 
in Gardner et 

al., 1998 

Inorganic 

fertilisation 
=/+ 

=/+ for inorganic fertilisation in the long-

term, as it increases plant biomass 

production and therefore soil biological 

activity. 

Usual mean of 

action to 

increase yields 

and compensate 

soil deficits in 

useful nutrients 

Dick, 1992 

Organic 

manure and 

legume-

based 

rotations 

+ 

+ for soil amendments such as animal and 

green manures, which are important in 

maintaining soil microbial activity/diversity in 

monocultural systems, more than 

conservation tillage 

Animal manure 

needs to be 

available on 

farm or next to 

the farm 

Dick, 1992 

Leys 

+/=/- 

according 

to soil 

biodiversity 

type 

+ for crop rotations including leys 

(permanent arable lands), therefore the 

impact on earthworms is lower, given 

insulating layer of vegetation provides food 

supply 

=/- for crop rotations including leys on 

anecic earthworms, which are under 

pressure in a ley-arable crop rotation which 

may have a negative impact on the 

ecosystem service of water regulation under 

future grassland. 

Constraining 

practice, which 

immobilises a 

share of land 

Edwards and 

Bohlen, 1996 
Van Eekeren, 
2010 

Soil cover + 

+ for rotations keeping a cover on soil all 

year around, bacteria in a planted soil were 

shown to be 20 to 10,000 times more 

numerous than in a bare soil, and earthworm 

were also more numerous 

Constraining 

practice, which 

has to be 

decided during 

the rotation 

implementation. 

Rovillé and 

Aufray, 2010 
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Table 1-4: Parameters influencing the impact of crop rotations on fauna above soil 

Parameter Impacts 

(++/+/=/-/--) 

Comment Trade-off References 

(impacts) 

Weed control - 

=/- for weeds chemical control, which reduces 

species richness in conventional rotations, but 

not in the organic one. 

=/- as weed species may have beneficial effects 

on certain invertebrates and birds 

Weeds control is a 

mean to ensure 

crops yields and 

regular yields 

Ulber, 

2009 

Organic 

treatments 
= 

= for organic treatments, which maintained 

fauna biodiversity 

Organic treatments 

need to be available 

on farm or next to it 

Ulber, 

2009 

Agricultural 

intensity 
+/- 

+/- agricultural intensity accounts for the largest 

part of the explained variation in weed species 

composition. 

Ensures sufficient 

yields and revenues 

Ulber, 

2009 

Diversified 

rotations 

+/=/- 

depending 

on the weed 

control 

strategy 

+ for rotations with a temporal diversification of 

crop species, which allow the maintenance of 

weed species richness and conservation of 

species, with important ecological functions 

=/- for the same rotations in the absence of an 

adjustment of weed control strategies. 

  
Ulber, 

2009 

Conservation 

tillage 
=/+ 

=/+ for fields managed following conservation 

agriculture requirements, which can soften the 

impact of agriculture on farmland birds in a 

typical rotation of spring-sown maize and winter 

wheat 

=/- for tillage in a bare-field situation, which can 

create unfavourable conditions for foraging small 

mammals, due to the lack of cracks for shelter 

Conservation tillage 

leads to mulch 

creation, with 

increased parasites 

amounts and more 

complex sewing 

Field, 2007 

Gardner et 

al., 1998 

Tillage -/+ 

- for crickets, earthworms and other large 

surface soil-dwelling organisms, which are often 

damaged or killed 

- for certain bird species as well as predators like 

fledglings from the Little Bustard (Tetrax tetrax), 

for which crickets and earthworms are food 

sources 

  

Bretagnolle 

and Houte, 

2005 

Early mowing +/- 

+/- for early mowing, depending on species, 

Nests of the Little Bustard (Tetrax tetrax) for 

instance are disturbed by early mowing. Lucerne 

is often mown early for instance. Including this 

crop in a rotation can thus have a negative 

impact on this specie.  

  

Bretagnolle 

and Houte, 

2005 

Strip fields + 

+ for conserving margins, cutting fields with 

strips of grasses and/or flowers, which allow 

species to over-winter in neighbouring habitats 

Constraining 

practice, which 

immobilises a share 

of land 

Gardner et 

al., 1998 

Diffley, 

2007 
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Table 1-5: Parameters influencing the impact of crop rotations on plant biodiversity 

Parameter 

Impacts 

(++/+/=/-

/--) 

Comment Trade-off 
References 

(impacts) 

Crop 

rotation 

+/- 

depending 

on 

rotation 

length 

- for rotations in the short term, which show 

increased increased number of weeds species 

+ for long rotations in the long term, which lead 

to a reduced Shannon-Weiner density index in 

weeds, i.e. longer rotations resulted in reduced 

number of emerged weeds species 

+ for weed management, by changing the 

pattern of disturbance, which diversifies the 

selection pressure 

Need to 

forecast the 

rotation and 

weak flexibility 

to adapt to 

fluctuating 

market 

opportunities 

Seibutis 

and 

Deveikyte, 

2006 

Murphy, 

2006 

Tillage 

++/=/- 

depending 

on tillage 

practice 

++ for no-tillage, which leads to reduced 

numbers of weeds per square meter, and 

increased numbers of weed species (both 

emerged and seedbank) year after year. In no-

tillage systems, over 6 yr, seedbanks actually 

declined from 41,000 to 8,000 seeds per m3. 

=/+ for tillage performed with a chisel plow, or a 

moldboard plow with a short rotation, 

- for tillage performed with a moldboard plow 

and no rotation, seedbanks actually increased 

from 10,000 seeds per m3 over 6 years 

- for tillage, which had the largest effect on weed 

diversity and density 

No tillage leads 

to mulch 

creation, with 

increased 

parasites 

amounts and 

more complex 

sewing 

Tillage leads to 

depletion of soil 

structure and 

superficial 

earthworms 

populations 

Murphy, 

2006 

McLaughlin 

and 

Mineau, 

2000 

Drainage - 

- for drainage, which create such fundamental 

habitat changes, that there are significant and 

costly shifts in species composition. 

Costly drainage 

system, but 

improvement of 

soil moisture 

control 

McLaughlin 

and 

Mineau, 

2000 

Pesticides 

and 

fertilisers  

- 

 

 

=/- 

- for extensive use of pesticides and fertilisers, 

when loadings exceed local needs, which results 

in a number of undesirable environmental 

impacts on biodiversity at various levels 

including plant groups. 

=/- the level of impact varies according to 

species, and factors which are considered 

include the mobility, trophic interactions, 

persistence, and spectrum of toxicity for various 

pesticides. 

=/- weed populations were shown to be more 

abundant on cereal rotations receiving lower 

inputs of herbicides 

Pesticides and 

fertilisers are 

useful and 

usual means of 

pest and weed 

control and 

ensure regular 

and satisfying 

yields 

El Titi, 

1991; 

MAFF, 

1998 in 

Gardner et 

al., 1998; 

McLaughlin 

and 

Mineau, 

2000 

Farming 

system 
++ 

++ for the farming system, which leads to the 

highest impact of a management practice on 

weeds biodiversity 

  
Murphy, 

2006 

Mechanical 

operations 
- 

- for intensive mechanical operations, which 

disturbance, associated with agricultural activity, 

has negative impacts on particular groups of 

species, such as birds 

mechanical 

operations 

allow 

cultivating at 

large scale, and 

simplifying 

farmers work 

McLaughlin 

and 

Mineau, 

2000 

Leys ++ 
++ for leys, which provide (1) a diversification of 

the landscape structure that enhances the 
 

Gardner et 

al., 1998 
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Parameter 

Impacts 

(++/+/=/-

/--) 

Comment Trade-off 
References 

(impacts) 

diversity of habitat; (2) less-disturbed areas 

(winter, harvest-time) that benefit biodiversity; 

(3) break of pests and weeds cycle in the 

rotation, and enable to reduce chemicals use; (4) 

enable to reduce fertilisers use as leys are a 

beneficial preceding crop in terms of “green” 

fertilisation. 
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2.  LANDSCAPE 

2.1. IMPACTS OF CERTAIN CROP ROTATIONS ON LANDSCAPE 

Table 2-1: Impacts of specific crop rotations on landscape 

Types of impacting 

crop rotations 

Impacted aspect of the landscape 

(++/+/=/-/--) 

Comments 

 Diversified 

patches 

Discontinuous 

timings 

Uncropped 

areas 

 

monoculture of Maize 

-- -- -- 

Monoculture of maize generates 

monotony in landscape view and 

unified farming practices over large 

areas at the same time (same sewing 

date, same harvest time for the whole 

field).  

Furthermore, monocultures often 

occur on a whole area, thus occupying 

a large part of the landscape and field 

separations are not clearly made. The 

landscape thus does not include 

corridors for species to move across 

the landscape with the risk of local 

populations becoming extinct. Also the 

general landscape features such as 

groups of trees, hedges etc. are much 

less present in monoculture areas. 

[oilseed/wheat] or 

[oilseed/wheat/barley

] 
- to = = to + - 

This short rotation presents a minor 

diversification of patches, but different 

families of crops, with potentially 

different development timings, 

resulting in moderately diversified 

sources of habitats and food. 

[Maize/wheat] or 

[wheat/Maize/wheat] 

- to = - to = - 

This short rotation involves a minor 

diversification of patches, and only 

two families of crops. Thus it is close to 

monoculture and involves few field 

limits. Furthermore, as for maize 

monoculture, such rotation can often 

be performed at the whole landscape 

scale, with little diversification. 

[sunflower/wheat] or 

[sunflower/durum 

wheat] - to = = - 

This crop rotation in terms of 

landscape is expected to have quite 

similar effects than the rotation 

[oilseed/wheat] or 

[oilseed/wheat/barley]. 

[legumes/wheat/other 

cereal] 

= = - to = 

The inclusion of a legume in the 

rotation leads to a diversification of 

patches with different farming 

practices involved. However, two 

cereals do not ensure a great variety of 

crops in time or space. 
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Types of impacting 

crop rotations 

Impacted aspect of the landscape 

(++/+/=/-/--) 

Comments 

[Potato/spring 

barley/winter 

wheat/triticale] 

+ + - to = 

This crop rotation includes a variety of 

patches with two families of crops and 

four species, with different 

development timings (spring and 

winter crops), which is expected to 

have a beneficial effect by ensuring 

that bare soils are left at different 

times. This has beneficial effects both 

in terms of aesthetics and ecology. 

Furthermore, farming practices in 

different seasons can have a beneficial 

effect on biodiversity. 

[Sugar Beet/spring 

barley/oil-seed 

rape/winter wheat x2] 

+ + = to + 

See [Potato/spring barley/winter 

wheat/triticale] 

[Sugar Beet/cereal (1 

or 2 

years)/Potato/cereal 

(1 or 2 years)] 
+ + = to + 

The crop rotation [sugar beet/cereal (1 

or 2 years)/potatoes/cereal (1 or 2 

years)] includes a variety of patches 

with three families of crops and 

potential for numerous different 

species and different development 

timings, with the same type of 

beneficial effects. 

[Temporary grasslands 

(2 years)/ Barley/ 

Winter Wheat/ Maize 

silage/ Barley] 

++ + + to ++ 

This rotation includes a variety of 

patches with a period of temporary 

grassland, and at least four families of 

crops and potential for numerous 

different species and development 

timings. Temporary grasslands have a 

beneficial effect on biodiversity. In a 

rotation, this is expected to provide a 

long-term refuge for species. 

Permanent pastures 

- to = - to + + to ++ 

Permanent pastures were shown to 

have beneficial effects on biodiversity 

already. Including such areas in the 

landscape can be beneficial as it 

provides a refuge for species and 

allows for rapid recolonisation of the 

landscape for mobile species. 

Intercropping 

practices/catch crops 

+ to ++ + to ++ + to ++ 

Inserting crops between the main 

crops is beneficial as it leaves less bare 

soil, impacting positively both 

aesthetical and ecological functions of 

the landscape. It also allows for the 

inclusion of different families of crops, 

with different textures, patterns and 

colours in the landscape, as well as 

supporting different species. 
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2.2. PARAMETERS INFLUENCING THE IMPACT OF CROP ROTATIONS ON 

LANDSCAPE 

Table 2-2: Parameters influencing the impact of crop rotations on patches diversification 

Parameter 
Impacts 

(++/+/=/-/--) 
Comment Trade-off 

References 

(impacts) 

Legumes + 

+ for peas crops effects, which can impact 

positively the landscape, while having 

detrimental effects at the field level 

Need to dispose 

of on-farm or 

local market 

opportunities 

for legumes 

Stevenson 

and van 

Kess, 1996 

Catchment 

areas 
+ 

+ for catchment areas, which participate in 

the management of populations variations 

at the landscape level 

This 

constraining 

practice 

immobilises a 

share of land 

Smeding, 

1999 

Diversification 

/ 

specialisation 

+ for 

diversification, 

- for 

specialisation 

+ for diversified species at the landscape 

level, which provides several types of 

habitats and contributes significantly to 

biodiversity's richness 

+ for diversified habitats, as the 

disappearance of the habitat can lead to 

local extinctions 

+ for floral diversity, which have more 

impact on pollinators than the arrangement 

of patches, probably explained by the 

mobility of such species 

- for pests host plants, e.g. in grass strips, 

which may favour certain pest species, such 

as orchard grass (Dactylus) which is a 

secondary host to the fungus causing cereal 

ergot (Claviceps purpurea) 

- for specialised crop rotations, which lead 

to homogeneous types of species at the 

landscape level 

results from the 

crop rotation 

and the initial 

natural area 

 

Directly related 

to local market 

opportunities 

and farming 

system 

Jeanneret et 

al., 2003 

Fahrig and 

Jonsen, 

1998 

Cane, 2001 

in Hunter, 

2002 

Soulié 2006, 

RotAB 

 

Thenail, 

2009 

Farms size 
+ for small 

farms 

+ for small-scale farms and consecutive 

small-scale landscape heterogeneity, which 

influences species richness 

Nowadays, a 

minimal farm 

size is necessary 

to farm 

profitability 

Weibull et 

al., 2003 

Connectivity 

+ or +/- 

according to 

distances 

+ for connectivity, which allows the 

exchange of individuals between local or 

patch populations. This exchange reduces 

the probability of local extinction through a 

rescue effect and allows recolonisation of 

local extinctions when they do occur 

+ for maintaining connectivity, which in 

turn maintains predator-prey interactions 

+/- according to distance, ecologically 

related habitats (wet, wooded, herbaceous) 

can guarantee a minimum territory size 

within the reach of dependent animal 

species according to the distance within 

them; the on-farm green habitats should 

link up with the habitat network present in 

the surrounding landscape 

Results from the 

organisation of 

space, i.e. from 

the crop 

rotation and the 

initial natural 

area 

Brown and 

Kodric-

Brown, 1977 

Hunter, 

2002 

 

 

Opdam et 

al., 1993 
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Parameter 
Impacts 

(++/+/=/-/--) 
Comment Trade-off 

References 

(impacts) 

Fragmented 

crop mosaics 
+ 

+ for fragmented crop mosaics, which are 

considered more suitable for regulating 

ecological movements and fluxes at the 

landscape level 

+ for traditional mixed farming, where 

diverse crop rotations ensure that 

heterogeneous cultivation mosaics are 

continuously present, both spatially and 

temporally.  

= for intensively managed cereal or 

grassland monocultures, which are 

naturally more homogeneous and cannot 

host more biodiversity, especially bird 

diversity 

++ for fragmented landscape and presence 

of grasslands in the landscape, which are 

very important for biodiversity; for instance, 

fledglings of the Little Bustard (Tetrax 

tetrax) eat crickets common in grasslands, 

while adults appreciate  

open areas provided by cereal fields 

++ for heterogenic and diverse habitats, 

both for cultivated fields and non-cropped 

areas, which are of great importance to the 

abundance and diversity of species and 

more specifically farmland birds in Europe. 

A diverse crop mosaic that combines various 

cereals, other crops and grasslands, 

accompanied by a diverse mixture of 

uncultivated habitats and rural settlement, 

is an ideal combination for nurturing diverse 

and abundant farmland bird communities, 

but also for other species 

Results from the 

organisation of 

space, i.e. from 

the crop 

rotation and the 

initial natural 

area 

Helenius, 

1997; 

Benton et 

al., 2003; 

Leteinturier 

et al., 2006 

Vepsalainen, 

2007 

 

Hendrickx et 

al. 2007 in 

Huyghe 

2009 

Vepsalainen, 

2007 

Spatial 

distribution of 

allocation 

factors 

+/- according 

to factors 

a set of allocation factors leads farmers 

decision making related to crop rotations 

and the field of implementation, according 

to their spatial distribution, crop rotations 

may be distributed differently 

Spatial 

distribution of 

allocation 

factors do not 

result all from 

the farmers 

choice 

Thenail, 

2009 

Similarity 
+ for local 

crops 

+ for the promotion on farm of plants and 

animals already in the region, which most 

effectively enhances farm biodiversity. 

Semi-natural (green) habitat types found in 

the surrounding landscape could actually be 

present or constructed or reinstated on the 

farm 

Results from 

local advisors 

promotion, may 

lead to 

rotations of 

similar crops, 

i.e. close to 

monoculture 

Smeding, 

2009 

Heritable 

patterns 
+ 

+ for pattern inherited from landscape 

influence; Landscape characters were able 

to create genetic heterogeneity in 

populations of habitat-tolerant organisms. A 

study found that Pararge aegeria butterflies 

originating in woody and agricultural 

landscapes showed different behavioural 

patterns which were heritable  

  

Merckx et 

al. 2003, in 

Farina 2006 
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Table 2-3: Parameters influencing the impact of crop rotations on discontinuous timings 

Parameter 
Impacts 

(++/+/=/-/--) 
Comment Trade-off 

References 

(impacts) 

Temporal 

distribution 

of habitats 

+ 

+ for temporal (and spatial) distribution 

of suitable habitats, which is a key factor 

for biodiversity in cultivated landscapes 

Results from farmer's 

choice and initial 

natural features of 

the landscape 

Jeanneret et 

al.2003 

Uncropped 

areas 

+/= 

according to 

time period 

 

 

+/- 

according to 

species 

+/= according to time period and 

relative need, for woody edges, which 

appear important for over-wintering 

beetles, whereas later in the growing 

season their relative importance is 

lessened 

+/- according to species, e.g. carabid 

beetle movement are negatively affected 

by the presence of hedgerows 

Results from farmer's 

choice and initial 

natural features of 

the landscape; uses 

space which cannot 

be grown 

Hunter, 2002 

Mauremoto 

et al., 1995 

Harvest 

times 

(winter 

crops, 

summer 

crops) 

+ 

+ for various harvest times of the grown 

crops, which help avoid a monotonous 

bare soil cover over the landscape  

+ for various harvest, which benefit 

ecological connectivity as bare soil does 

not provide connectivity with habitat 

patches in different locations or links 

between edges 

Results from the 

rotation and species 

chosen by the farmer 

  

Placement 

of mature 

habitat  

+/- 

+/- depending on placement of mature 

habitat within the landscapes, which 

resulted in large differences in 

population size.  

Results from farmer's 

choice and initial 

natural features of 

the landscape 

Liu, 1994 

Catch crops + 

+ for catch crops, which can complete a 

rotation and allow more flexibility in the 

choice of sewing dates and of crops 

species, as the soil is covered 

Results from the 

rotation and species 

chosen by the farmer 
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Table 2-4: Parameters influencing the impact of crop rotations on uncropped areas 

Parameter 
Impacts 

(++/+/=/-/--) 
Comment Trade-off 

References 

(impacts) 

Isolated 

patches 
+/= 

+ for a solitary tree or some shrubs 

=/+ for planted unmanaged areas, such as 

woodlots or hedges 

Results from 

farmer's choice 

and initial 

natural features 

of the landscape 

Smeding, 

1999 

Edge effect 

+ until 9 m 

 

 

 

= after 9 m 

+ positive hedge effect until 9 m of the margin, 

and then arthropods populations decrease from 

the margin, more obviously in conventionally 

managed fields 

+/= depending on the distance, as density, 

species diversity and biomass decrease with 

increasing distance from margins, showing the 

importance of uncropped areas in maintaining 

in-field invertebrate populations 

= the edge effect from the margin disappeared 

after 9 m, even if systems employ wide 

margins, seeded strips and good edge 

management which favour arthropod 

biodiversity on a farm-wide scale 

Results from 

farmer's choice 

and initial 

natural features 

of the landscape 

Lys et al., 

1994 

Gardner, 1998 

Woodlots + 

+ for woodlots, which significantly decrease 

density of onion thrips and their symptoms in 

leek fields. In agricultural landscapes with a 

larger total area of woodlots, the abundance of 

onion thrips (Thrips tabaci) actually decreased 

in leek (Allium porrum) fields. 

Results from 

farmer's choice 

and initial 

natural features 

of the landscape 

den Belder, 

2002 

Organic or 

convention

al 

agriculture 

+/- 

+ for organic agriculture, where differences in 

arthropod populations between organic and 

conventional regimes were most marked mid-

field, with reduced populations and diversity in 

conventional systems 

Results from a 

choice at the 

farming system 

level 

Reddersen, 

1997 

Auxiliaries 

for crop 

protection 

+ 

+ for the presence of arthropods and birds, 

which are useful auxiliaries for crop protection, 

and which is strongly correlated with semi-

natural areas 

May hardly 

result from 

farmers choice 

Jeanneret et 

al., 2003 in 

Clergue et al., 

2005 

Table 2-5: Impacts of crop rotations on environmental aspects of landscape 

Impacted aspect 

of the landscape 
Example of impacting crop rotations 

Critical farming practices in the 

impacting crop rotations 

 
(+) positive 

impact  

(=) neutral 

impact 
(-) negative impact  

Diversified 

patches 
  Monoculture 

All farming practices aiming to simplify 

fieldwork: use of machines over large 

areas of field, monoculture and short 

rotations, growing of common species 

Discontinuous 

timings in the 

farming 

practices 

  

Rotations with only 

winter crop s or only 

spring crops: e.g. 

Winter Wheat/Winter 

Barley/ 

Use of seeds with close sewing dates 

To organise close harvesting timings 

Presence of 

uncropped 

areas, edges, etc. 

Permanent 

meadows, 

Temporary 

meadows 

Diversified 

rotations 

with filed 

boundaries 

Monoculture Continuity in fields (no boundaries) 
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3.  SOIL 

3.1. IMPACTS OF CERTAIN CROP ROTATIONS ON SOIL 

Table 3-1: Linkages between the environmental impacts on soil, crop rotations and farming 

practices 

Impacted 

aspect of the 

soil 

Example of impacting crop rotations 

Critical farming 

practices in the 

impacting crop 

rotations 

 
(+) positive 

impact 
(=) neutral impact 

(-) negative 

impact 
 

Soil organic 

matter 

Permanent 

grasslands 

Continuous grain maize  

Rotations including grain 

crops like maize and 

temporary grasslands like 

alfalfa 

Wheat – sunflower 

Wheat - faba bean 

Continuous 

silage maize 

Tillage 

Fertilisation 

Irrigation 

Soil structure 

Permanent 

grasslands 

Rotations 

including 

temporary 

grassland or 

pasture 

 

Fully irrigated 

continuous 

grain maize 

and late-

harvested 

crops  

Tillage 

Traffic 

Fertilisation 

Soil erosion 

Rotations 

with 

permanent 

cover crops 

and high 

cover index 

winter 

crops, rape 

seed, 

cereals 

Rotations including row 

crops, e.g. maize, 

sunflower, sugar beet, 

vegetables 

Rotations with 

potatoes and 

peas 

Tillage 

Use of crop residues 
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Table 3-2: Impacts of certain crop rotations on soil 

Types of impacting crop 

rotations 

Impacted aspect of the 

soils(++/+/=/-/--) 

Comments 

 Soil 

organic 

matter 

(SOM) 

Soil 

physical 

properties 

Erosion 

risk 

 

monoculture of maize = / - = / - = 

� Can conserve SOM with sufficient manure 

application (grain maize or conservation 

agriculture), but as in the case of silage maize no 

above ground biomass remains on the field, the 

effect is negative. 

[oilseed/wheat] or 

[oilseed/wheat/barley] 
+  - � No SOM conservation in low biomass production  

[maize/wheat] or 

[wheat/maize/wheat] 
= / - = / - = 

� Can only maintain SOM with sufficient manure 

application, otherwise causes decline 

[sunflower/wheat] or  

[sunflower/durum wheat] 
= / -  + 

� Beneficial to SOM if abundant crop residues 

remain on field 

[legumes/wheat/ other 

cereal] 
= / -  = 

� the higher the frequency of legume crops in the 

rotation, the lower was the increase in SOM 

� legume as preceding crop could increase wheat 

biomass 

[potatoes/spring 

barley/winter 

wheat/triticale] 

[sugar beet/spring 

barley/oil-seed 

rape/winter wheat/winter 

wheat] 

= / - = / - = 

� impact on SOM can be positive depending on 

yields (high) and climatic conditions(lower 

temperatures) 

� sugar beet and potato do not leave a high 

quantity of crop residue on the field 

[sugar beet/cereal (1 or 2 

years)/potatoes/cereal (1 

or 2 years)] 

= / - 
= / -  

 
=/- � can maintain SOM if adequately manured 

[temporary grasslands (2 

years)/ barley/ winter 

wheat/ maize silage/ 

barley] 

permanent meadows 

+ 

+ 

+ 

+ 

 

- 

-- 

� rotations with temporary grassland or permanent 

meadows contribute to maintain or increase SOM 

� improve soil structure and to maintain or increase 

the stability of soil aggregates 

3.2. SOIL ORGANIC MATTER 

3.2.1.1 What is soil organic matter and why it is important 

Soil organic matter (SOM) is an essential constituent of soil which can be present at different 

degrees of evolution. The most stable compounds can be classified as “humus” (or stable organic 

matter) with a complex chemical structure. It is made of compounds of high-molecular weight 

that are rather resistant to microbial attack. Microbial decomposition of plant and animal 

residues generates some intermediate products, which are more labile than humus. They can be 

either mineralised or used by micro-organisms as a substrate for humus production. 

Mineralisation is the process that converts an organic material into inorganic compounds that 

can be used by plants. Finally, undecomposed organic materials represent the “fresh” fraction of 

the SOM. They can originate either from animals or from plants (e.g. leaves, stems). Fresh 

materials represent the most labile fraction among those present in the soil. They can be 

relatively easily attacked by micro-organisms. 
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Soil organic matter is essential to soil functions because: i) it provides nutrients to plants, 

through mineralisation; ii) it contributes to the cation exchange capacity of the soil, i.e. to its 

capacity to retain cations; iii) it stimulates microbial activity; iv) it improves soil physical 

properties, by promoting the formation of stable aggregates, and improving aeration and water 

retention and infiltration. 

3.2.1.2 Effects of crop rotations on the content of soil organic matter 

The general effect of agricultural activities, regardless of the crop rotation practised, is to 

decrease the content of SOM: compared to virgin uncultivated soils, agricultural soils frequently 

show a lower SOM (Karlen et al., 1994; Jarvis et al., 1996). This effect is mainly due to tillage, 

which promotes mineralisation by introducing more oxygen into the soil, thus stimulating the 

aerobic consumption of SOM by micro-organisms. The reduction of SOM continues until it 

reaches an equilibrium level (Karlen et al., 1994; Jarvis et al., 1996): Morari et al. (2006), for 

example, have observed a decline of 1.1 t C ha-1 yr-1 over a period of 10 years after converting to 

intensive cultivation a soil that was previously managed with manure application and alfalfa 

meadows. 

Thus, crop rotations may increase or decrease SOM in agricultural soils, according to the factors 

discussed below. Due to the important functions of SOM, we consider that rotations have a 

positive effect when SOM is increased and negative when SOM is decreased. 

3.2.1.3 Mineralisation and humification 

3.2.1.3.1 Definitions 

As mentioned above, SOM is submitted to the action of two opposite processes, namely 

mineralisation and humification. The two processes are strongly dependent on the interaction 

between rotations, crop management and the location, i.e. different rotations may generate 

different effects according to soil and climate, and to implemented crop management 

(fertilisation, irrigation, residue management). The two processes determining the trend of SOM 

over time are the following. 

• mineralisation is the microbial process that breaks organic matter (either stable 

or labile) into simpler inorganic compounds.  

• humification is the process, acting in the opposite direction, which builds up 

new stable organic matter from simpler compounds. 

Both processes contribute to determine the concentration of SOM (mineralisation decreases it, 

while humification increases it).  

3.2.1.3.2 Effects of the environment on mineralisation and humification 

Both processes depend on microbial activity in the soil, which in turn depends on the soil 

chemical properties, soil temperature and soil water content. Microbes and fungi are living 

organisms, whose biological activity is promoted by warm soil temperature and adequate soil 

water content. Most soil micro-organisms are mesophilic, with optimum between 25 and 37°C, 

and a base temperature of 5°C (Jarvis et al., 1996). However, other micro-organisms can 

contribute to microbial activity at different temperatures. Soil water content affects microbial 

activity by either limiting the rate of biological processes when soil water is low, or reducing 
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mineralisation near saturation (due to lower oxygen concentration). Also soil chemical 

properties are very important factors affecting biological processes in the soil. Soil reaction, in 

particular, may limit microbial activity when soils are very acidic (Jarvis et al., 1996). 

3.2.1.3.3 Mineralisation 

Mineralisation of SOM is an aerobic microbial-mediated process that converts organic 

substances (with variable degrees of complexity) used as a food source into mineral compounds, 

like water, CO2 and inorganic ions like ammonium. Mineralisation is of great importance because 

it makes inorganic compounds available to plants and micro-organisms (Jarvis et al., 1996). 

Besides the environmental constraints like soil temperature and water content, mineralisation is 

also influenced by the association between SOM and clay and other inorganic components, 

which reduces the mineralisation potential (Jarvis et al., 1996), because SOM remains protected 

from microbial attack. 

3.2.1.3.4 Humification 

Humification is the formation of humus from the products of the decomposition of plant and 

animal residues.  

The amount of organic matter that is humified depends  

• on the amount of organic residues returned to soil (‘C inputs’),  

• on their chemical structure and physical status (which influence their 

decomposition potential), and  

• on the local conditions affecting the biological process of decomposition and re-

synthesis into humus.  

The linear relation that is frequently found in experiments between the increase of SOM and the 

addition of C inputs to soil (e.g. Kumar and Goh, 1999; Morari et al., 2006; Grignani et al., 2007) 

demonstrates the importance of the addition of organic materials to soil in order to maintain 

and improve SOM. This explains why rotations and their associated crop and soil management 

are important determinants of SOM. 

Animal and plant residues returned to soil bring a wide range of materials: above-ground crop 

residues (leaves, stems), roots, root exudates, manures (mix of faeces and urine stored in 

aerobic or anaerobic conditions), compost and biosolids from sewage treatment plants. The 

amount of plant materials available for humification depends very much on the cultivated crop 

and on its management. Bolinder et al. (2007) have reviewed the coefficients that can be used to 

estimate the amount of above- and below-ground crop biomass that can be returned to soil. 

These values are helpful to compare the capacity of different crops to provide organic materials 

to soil. The three types of organic returns of plant materials to soil are: i) unharvested above-

ground biomass; ii) roots; iii) extra-root materials (root exudates, root hairs and fine roots not 

included in the ‘root’ fraction). 

Above-ground biomass of arable crops can be split in two parts: the useful, harvested part (e.g. 

grain for cereals and legumes; stem and leaves for hay), and the rest (e.g. stem and leaves for 

cereals and legumes); this latter fraction can be either harvested (and used for example as litter 

in the stable) or left on the soil surface, and subsequently incorporated into the soil with tillage 

operations (if any). The harvest index is the ratio between the biomass of useful product and the 
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above-ground biomass, and is about 0.4 - 0.5 for most cereals (Bolinder et al., 2007), which 

indicates that roughly half of the above-ground biomass can be returned to soil (if not destined 

to other uses outside the cultivated field) and thus contributes to SOM. Therefore, it is clear that 

the crops with the highest yields (e.g. maize) may contribute most to SOM maintenance. 

The second direct contribution of crops to SOM is made through roots: to quantify this input, 

Bolinder et al. (2007) have reviewed the shoot:root ratio (amount of above-ground biomass by 

below-ground biomass). High shoot:root ratios indicate relatively low root residues. Bolinder et 

al. (2007) have found that the shoot:root ratio for annual crops was typically around 5, while it 

was 1-2 for forages; within forages, legume species had a shoot:root ratio that was twice that of 

grasses; and long-term prairie grasslands and pastures had a shoot:root ratio of 0.5. This 

indicates that, at similar above-ground biomass levels, rotations with forage crops (and long-

term grasslands in particular) may tend to have more root biomass and thus likely more dry 

matter that may be humified after root death. 

The third direct contribution of crops to SOM is through extra-root materials. The conservative 

estimate provided by Bolinder et al. (2007) is that these materials contain roughly 65% of carbon 

allocated to roots, regardless of crop type. 

Overall, the three pathways indicate that crops can provide substantial amounts of organic 

residues to soil. Crops with high yields and crops leaving high amounts of root materials may 

contribute more to SOM maintenance. Therefore, rotations may vary for the frequency with 

which this type of crops is present in the sequence. 

How these organic returns of biomass to soil influence the formation of humus depends on their 

decomposition in the soil: humification is frequently estimated (on a yearly basis) by multiplying 

the amount of materials returned to soil by a ‘humification coefficient’, which represents the 

fraction of C contained in the material that is not respired during decomposition and thus 

becomes humus (Saffih-Hdadi and Mary, 2008). Therefore, the humification coefficient depends 

on the chemical and physical structure of the materials and on the local conditions where 

decomposition takes place. Values commonly used are in the range of 0.20 - 0.30 (Boiffin et al., 

1986; Saffih-Hdadi and Mary, 2008). 

3.2.1.4 Effect of crop rotations on soil organic matter 

The facts presented above make it possible to understand the important, even if not exclusive, 

role of crop rotation in increasing or decreasing SOM. 

3.2.1.4.1 Effect via modification of environment 

First of all, crop rotations strongly impact soil temperature and soil water content because 

different crops have different soil cover across the year (which influences the amount of 

radiation reaching the soil and therefore soil temperature), and different soil water contents, 

depending on crop transpiration, rainfall and eventual irrigation. Crops like maize, which is 

irrigated in most environments in Southern Europe, are therefore likely to promote microbial 

activity, both because the soil is maintained at an intermediate temperature which is neither 

extremely low (due to the spring-summer cultivation period) nor extremely high (due to soil 

cover), and because the soil water content is relatively high, due to irrigation. 

While these principles can be easily stated in theory, practical examples of the effect of crop 

types on mineralisation via their influence on soil conditions are difficult to find, because this 
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effect is normally added to the effects resulting from the ploughing in of the numerous crop 

residues, which occurs with tillage.  

3.2.1.4.2 Effect via tillage practices 

Another important effect, which is not directly linked to rotation but is an essential part of crop 

management, is the type of tillage: conventional tillage (CT, normally involving ploughing 

followed by secondary tillage operations like harrowing) has been shown to increase 

mineralisation compared to other practices, like no-tillage (NT), which is a technique consisting 

on sowing an untilled (‘sod’) soil (Jarvis et al., 1996; West and Post, 2002). The difference is due 

to the fact that CT inverts and mixes the soil, disrupts soil aggregates, increases aeration, and 

increases the contact between micro-organisms and soil organic matter, thus promoting aerobic 

SOM mineralisation. Conventionally tilled rotations, therefore, normally tend to accumulate less 

SOM in the ploughed layer, which is commonly 20 to 30 cm deep (West and Post, 2002). No-

tillage can reduce the rate of SOM loss, but does not completely stop it (Karlen et al., 1994; 

Reeves, 1997). 

West and Post (2002) have carried out an extensive literature review of long-term experiments. 

Their results show that SOM under NT is significantly higher, for the 0-30 cm depth, than SOM 

under CT. On average, moving from CT to NT can sequester (i.e., increase SOM) 0.48 ± 0.13 t C 

ha-1 yr-1. This value is increased to 0.57 ± 0.14 t C ha-1 yr-1 if wheat-fallow rotations (which do not 

sequester significant amounts of C with a change from CT to NT) are excluded from analysis. 

Other field trials’ conclusions contest these results. López-Bellido et al. (1997) have compared, in 

a Mediterranean environment, two tillage systems (NT and CT) and five rotations (wheat-

sunflower, wheat-chickpea, wheat-faba bean, wheat-fallow and continuous wheat). After a 6-

year period (the one for which published data exist) no significant effect of tillage was found on 

SOM measured at three different depths (0-30, 30-60 and 60-90 cm). This underlines the 

relatively slow rate of change of SOM.  

A longer period may have been required for differences between treatments to be observed 

owing to the small amount of crop residue that is returned to soil under rainfed and semi-arid 

conditions of Southern Spain. Different conclusions could have been drawn under irrigated 

systems or in Northern European regions where higher biomass is produced. 

One last point is that, as mentioned above, usually NT determines an increase of SOM compared 

to CT for the most superficial soil layer. For a maize-soybean rotation, Poirier et al. (2009) have 

recently found that SOM under CT was higher than under NT near the bottom of the plough 

layer; as a consequence, when the entire soil profile (0-60 cm) was considered, SOM was 

statistically equivalent for both tillage practices. This may also be another reason why López-

Bellido et al. (1997) did not find statistically significant differences between SOM in CT and NT. 

3.2.1.4.3 Effect via crop above- and below-ground crop residues and other 

added organic materials 

The most important effect of crop rotation on SOM is probably through returning crop residues 

to soil, and their successive humification. Crop rotations that include crops leaving high amounts 

of above- or below-ground crop residues (e.g. maize - wheat - alfalfa - alfalfa - alfalfa) tend to 

increase SOM, regardless of rotation length. Crops that leave high amounts of residues include 

cereals with high biomass productivity like maize, or perennial forage crops that produce high 
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amounts of below-ground organic materials. For example, Karlen et al. (1994) cite the case of a 

soybean-maize rotation which had lower SOM compared to a continuous maize rotation, due to 

larger biomass production by maize. It is worth noting that the same authors mention that the 

soybean-maize rotation was accumulating more SOM compared to continuous maize when 

maize was not irrigated and therefore producing less biomass. 

A general conclusion of most research works is that, compared to rotations that include only 

cereals (e.g. continuous maize) or other grain crops like soybean and sunflower (e.g. maize - 

soybean), rotations with perennial forage crops (e.g. maize - sugar beet - maize - wheat - alfalfa - 

alfalfa, or permanent meadows) normally have higher SOM, mainly because they leave higher 

amounts of below-ground materials, that is humified and therefore counteracts mineralisation 

(West and Post, 2002). 

In their review of long-term experiments, West and Post (2002) compared the C sequestration 

rates (i.e. the increase of SOM) obtained in response to enhancing rotation. Their definition of 

‘rotation enhancement’ is a change from monoculture to continuous rotation cropping, or from 

crop-fallow to continuous monoculture or rotation cropping, or an increase of the number of 

crops in a rotation system. When the effect of enhancing crop rotation was evaluated regardless 

of the rotation type involved (i.e. by using all the pairs of treatments included in their database), 

the SOM increase was only 0.15 ± 0.11 t C ha-1 yr-1, i.e. about one third of what was obtained by 

NT adoption. As already mentioned by Karlen et al. (1994), changing from continuous maize to a 

maize-soybean rotation did not increase SOM; again, the likely explanation was that continuous 

maize produces more residue and therefore more C input than the maize-soybean rotation. 

When the changes from maize to maize-soybean were removed from the data set, the rate of 

SOM change increased to 0.20 ± 0.12 t C ha-1 yr-1. Enhancing rotation complexity when already 

under NT did not increase SOM, probably because under NT the level of SOM was already close 

to equilibrium. Moreover, West and Post (2002) have also shown that, starting from a wheat-

fallow rotation, the most successful changes in terms of increasing SOM were a reduction of the 

duration of the fallow period and the introduction of a different crop in the rotation (e.g. 

sunflower, legume grains). These changes promoted a rate of SOM increase of 0.51 ± 0.47 t C ha-

1 yr-1, vs. a mere 0.06 ± 0.08 t C ha-1 yr-1 when the change was to continuous wheat, despite the 

increase of C inputs. 

López-Bellido et al. (1997) have found significant effects of rotation on SOM after 6 years, with 

the highest SOM (0-30 cm depth) in the continuous wheat rotation, and the least in the wheat-

faba bean, even if the inputs of C were greater in the wheat-faba bean rotation than in 

continuous wheat (3.9 vs. 3.0 t DM ha-1 yr-1); the higher SOM content under continuous wheat 

was explained by the authors by looking at the quality of the residues of faba bean, which, 

having a lower C:N ratio, may have been mineralised more easily. In other words, it is likely that 

their humification coefficient was lower than that of wheat residues. 

The long-term experiment run in Padova by Giardini and coworkers (Giardini, 2004) provides 

interesting examples related to the effects of crop rotations and their interactions with 

management. Morari et al. (2006) have found that the SOM after 40 years of a 6-year rotation 

(maize - sugar beet - maize - wheat - alfalfa - alfalfa) was significantly higher than SOM measured 

after other shorter rotations (4-year, 2-year and 1-year). This effect was due to the presence of 

the alfalfa meadows, which presumably left more below-ground organic residues compared to 

cereals and grain crops, and required less tillage passes, thus reducing soil aeration and 
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mineralisation. The least SOM was measured in a maize monoculture under the low-input 

management scheme (i.e. with low manure application rate). Also the monocultures of wheat 

and silage maize, characterised by frequent tillage and relatively low amounts of crop residues 

returned to soil (in the case of silage maize the entire plant is harvested), had negative 

consequences on SOM, which was lost at a rate of 0.8 t C ha-1 yr-1. Permanent grassland (absence 

of tillage and surface distribution of animal manure) could maintain the SOM at the same 

amount found at the start of the trial (about 50 t C ha-1). In this case, the lower humification 

coefficient of slurry compared to farmyard manure did not affect SOM, as it happened in the 

high-input maize monoculture, thus showing the strong effect of the meadow. 

On a shorter time span, Morari et al. (2006) have also observed that the only treatments 

conserving SOM over a period of 27 years (about 35 t C ha-1) were all the high-input rotations 

(regardless of their length and complexity) and the low-input 6-year rotation. This fact 

underlines the importance of the interaction between rotation and management: the same 

result of SOM conservation was observed in the low-input rotation with forage crops and in the 

high-input (i.e. with the use of animal manure) cereal-based rotations; moreover, the low-input 

rotations with cereals did not maintain SOM due to insufficient C inputs from crop residues and 

smaller amounts of manure. Morari et al. (2006) studied also the effect of inorganic fertilisation; 

SOM was significantly higher in the treatments with inorganic fertilisers compared to those 

where these fertilisers were not used: the higher crop yields in the former have produced more 

crop residues (3.1 and 3.4 t ha-1 yr-1) compared to the latter (2.5 t ha-1 yr-1), thus contributing to 

SOM. 

Finally, Morari et al. (2006) provide an example, taken from a lysimeter study in Padova, of the 

importance of soil type on SOM accumulation. The slope of the linear relation between total C 

inputs to soil and the corresponding variation of SOM has a higher slope on a clay soil compared 

to a sandy soil. This underlines the importance of factors other than crop rotation on the SOM 

levels. 

The case study in France (Miralles-Bruneau, 2008) provides another evidence of the importance 

of C inputs to soil for the maintenance of SOM: the 3-yr experiment (Miralles-Bruneau, 2008) 

compared, on a loamy-clay soil, six rotations, obtained as the factorial combination of three crop 

sequences (L0, L1, L2) and the absence/presence of catch crop (C0, C1). The catch crop was 

always ploughed down. The three crop sequences were obtained from a reference sequence 

(sorghum - sunflower - durum wheat), by substituting one or two crops with legume crops. The 

six rotations compared in the study were therefore (“-” separates years; “+” indicates the pair of 

the main and the catch crop; “/” indicates that the catch crop is made of two species): 

• L0C0: sorghum - sunflower - durum wheat;  

• L1C0: sunflower - winter pea - durum wheat;  

• L2C0: soybean - spring pea - durum wheat;  

• L0C1: sorghum - sunflower+alfalfa/vetch - durum wheat+vetch/oat; 

• L1C1: sunflower+mustard - winter pea+mustard - durum wheat+vetch/oat; 

• L2C1: soybean+oilseed rape - spring pea+mustard - durum wheat+mustard. 

The measured difference of SOM between 2003 and 2006 (i.e. the increase or decrease of SOM 

observed during the three years) ranks the rotations in this order (first is the rotation with the 

highest increase in SOM): L0C1 > L0C0 ~ L1C1 ~ L2C1 > L1C0 > L2C0. The last two rotations (L1C0 

and L2C0) had negative variations of SOM, i.e. they lost SOM during the 3-yr period. These 
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results confirm the importance of organic matter return to the soil. The rotations with no or one 

legume crop (L0 and L1) returned to soil, on average, 0.13 t C ha-1 yr-1 more than rotations with 

two legume crops (L2). As expected, the rotations with catch crops (C1) returned more carbon 

(0.27 t C ha-1 yr-1) than rotations without the catch crop (C0); C1 rotations accumulated, on 

average, 0.47 t C ha-1 yr-1 in the soil during the three years. L1C0 and L2C0 have lost 0.07 and 

0.67 t C ha-1 yr-1, respectively. 

The case study in Hungary (Lazányi, 2009) made it possible to show the importance of the 

quality of the materials returned to soil: organic materials with higher lignin content (e.g. rye 

straw manure) resulted in higher SOM accumulation than lupine green manure, in a trial of 80 

years on a light sandy soil. 

3.2.1.5 Critical farming practices 

As mentioned above, the farming practices that can interact with crop rotation to determine 

SOM levels are: tillage, fertilisation, and residue management. 

Morari et al. (2006) have provided a classification of the usefulness of these practices to increase 

SOM, based on their experimental results. They have found that only a small (0.02 t C ha-1 yr-1) 

increase in C sequestration (i.e. of SOM increase) is expected when changing from monoculture 

to improved crop rotations. This statement was based on the comparison of their high-intensity 

(i.e. manured) maize monoculture with the 4-year and 6-year (including alfalfa) rotations. 

Relatively small C sequestration (0.10 t C ha-1 yr-1) is expected when moving from residue 

removal to residue incorporation. The largest effects were indicated for the change from 

improved crop rotations to permanent grassland (0.40 t C ha-1 yr-1) and following the adoption of 

animal manure utilisation (as opposed to the use of inorganic fertilisers only; 0.58 and 0.27 t C 

ha-1 yr-1 for liquid and solid manure, respectively). 

All management practices that promote yield (like irrigation and fertilisation) may also increase 

the production of crop residues and therefore C inputs to soil; this in turn is likely to increase 

SOM. This concept was also shown by Lazányi (2009), who described how additional fertilisers 

increased SOM (especially N) through extra roots and stubble ploughed down each year. It 

should also be noted that irrigation may increase mineralisation as well, due to increased soil 

water content. 

As discussed above with the examples, fertilisation with organic materials (manure, compost, 

biosolids) is also a fundamental practice to increase SOM or at least to counteract its reduction. 

Further, it is generally admitted that conservation agriculture (CA), based on minimum tillage, 

crop residue retention, and crop rotations, could also have a beneficial impact.  

Govaerts et al (2009) reviewed the potential impact of CA on C sequestration by compiling the 

existing case study information. They could not conclude on a systematic beneficial effect of CA 

on soil C : in 7 of the 78 cases withheld, the soil C stock was lower in zero compared to 

conventional tillage, in 40 cases it was higher, and in 31 of the cases there was no significant 

difference. The mechanisms that govern the balance between increased or no sequestration 

after conversion to zero tillage are not clear, although some factors that play a role can be 

distinguished, e.g., root development and rhizodeposits, baseline soil C content, bulk density and 

porosity, climate, landscape position, and erosion/deposition history. They confirmed that 

altering crop rotation can influence soil C stocks by changing quantity and quality of organic 
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matter input. However, even if C sequestration is questionable in some areas and cropping 

systems, CA remains an important technology that improves soil processes, controls soil erosion 

and reduces production cost. 

In a 10 yr study on CA in Central Spain, Sombrero and de Benito (2010) concluded that the 

overall mean soil organic content (SOC) with the cereal–vetch sequence was higher than with 

cereal–fallow and cereal–cereal arrangements by 8% and 5%, respectively, as more cereal 

biomass was achieved after legume. But, after 10 years of conventional tillage, they observed 

that cumulative SOC at a depth of 0–30 cm was significantly affected by crop rotation, whereas 

no such impact was observed under No- or Minimum Tillage. 

3.2.1.6 Impacting crop rotations 

Summarising the findings presented above, these are the rotations that have a positive impact 

on SOM, i.e. the rotations that maintain SOM relatively constant over time, or well counteract 

the natural decrease of SOM with cultivation: permanent grasslands and the 6-year rotation 

maize - sugar beet - maize - wheat - alfalfa - alfalfa. The last rotation type might be generalised 

as “rotations including temporary grasslands”. 

Continuous grain maize or silage maize (in particular if not fertilised with manure), maize-

soybean and continuous wheat had a negative effect. However, the way crop residues are 

managed (removed or buried) is of fundamental importance for that classification of crop 

rotations. However, in one case study in Southern Spain (Lopez-Bellido et al, 1997), continuous 

wheat had better results than the wheat-faba bean rotation ; the ranking was opposite in the 

study of Sombrero and de Benito (2010) with vetch as the legume crop. This depends on the 

effect of the legume on the suceesing wheat and on the legume biomass returning to the soil. 

Other rotations may have variable effects depending on the duration of the observation, and on 

the local conditions (climate and soils): these are the 2-year rotations of wheat with other crops 

(e.g. wheat-sunflower, wheat-faba bean). Wheat-fallow had rather poor results. It is finally 

important to remember that classifying rotations without specifying the additions of organic 

materials is misleading, due to the importance of C inputs for the maintenance of SOM. 

3.2.1.7 Scale of impact 

The spatial scale of impact of the changes of SOM is restricted to the land unit considered in the 

evaluation. As SOM conservation in the soil is concerned, indeed, no attention is paid to soil 

losses in the outer environment (as in the case of erosion). 

The temporal scale is relatively long: the change of SOM that may occur in one year is low, and 

years or decades are needed to measure significant effects of crop rotations on SOM, while 

hundreds of years may be needed to reach equilibrium (Karlen et al., 1994). The rate of change 

is usually higher immediately after a change and lower thereafter (e.g. Morari et al., 2006).  
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3.3. PARAMETERS INFLUENCING THE IMPACT OF CROP ROTATIONS ON 

SOIL ORGANIC MATTER 

Table 3-3: Parameters influencing the impact of crop rotations on soil organic matter 

Parameter 
Impacts 

(++/+/=/-/--) 
Trade-off 

References 

(impacts) 

Crop residues / 

residues 

management 

+ 

+ for crop rotations with high 

biomass productivity or perennial 

forage, i.e. which leave high amounts 

of above- or below-ground crop 

residues (e.g. maize-wheat-alfalfa-

alfalfa-alfalfa) 

High yields with 

high inputs needs 

and leakage 

Karlen et al., 

1994 

- leaves 

++ 

+ 

 

+ 

 

- 

++ for maize with irrigation 

+ for maize without irrigation, 

[maize-maize] had lower SOM 

compared to [soybean-maize] 

+ rotations with perennial forage 

crops, e.g. [maize – sugar beet – 

wheat – alfalfa – alfalfa], or 

permanent meadows, which have 

higher amounts of below-ground 

material 

- for crops like silage maize, which 

are entirely harvested 

Irrigation and high 

water demand, 

High yields with 

high inputs needs 

and leakage 

 

Karlen et al., 

1994 

Karlen et al., 

1994 

 

West and 

Post, 2002 

 

Morari et al., 

2006 

- straw 
+ 

+ 

+ for continuous wheat rotation, 

after 6 years of rotations 

+ for wheat residues, being of good 

quality, higher than faba bean for 

example (better C:N ratio) 

Reinforcement of 

pest and weeds 

adapted to wheat, 

decrease of yields 

and increased 

input needs over 

time 

Lopez-

Bellido et al., 

1997 

Lopez-

Bellido et al., 

1997 

Rotations 

management 
    

- length of rotation = 

=for crop rotations which leave high 

amounts of above- or below-ground 

crop residues (e.g. maize-wheat-

alfalfa-alfalfa-alfalfa) 

Long rotations are 

rare in 

conventional 

agriculture 

 

- repetition of 

rotations over time 
+ 

+ for fields with long rotations ever 

repeated, e.g. SOM is higher after 40 

years of 6-years rotation (maize- 

sugar beet – maize – wheat – alfalfa 

– alfalfa) than after other shorter 

rotations 

Need to forecast 

the rotation and 

weak flexibility to 

adapt to 

fluctuating market 

opportunities 

Morari et al., 

2006 

Tillage 

=/+ 

 

+ 

 

- 

= for natural tillage, SOM is 

maintained at the equilibrium 

 

+ for conventional tillage when 

switching from monoculture to 

rotations 

- for conventional tillage over time 

No tillage leads to 

mulch creation, 

with increased 

parasites amounts 

and more complex 

sewing 

Depletion of soil 

structure and 

superficial 

earthworms 

West and 

Post, 2002 

 

 

Sombrero 

and de 

Benito, 2010 
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Parameter 
Impacts 

(++/+/=/-/--) 
Trade-off 

References 

(impacts) 

populations 

Irrigation + 

+ for all practices that promote 

yields and consequently the 

production of crop residues and C 

input to soils 

High water use and 

cost for building 

the irrigation 

system 

Lazanyi, 

2009 

Conservation/organic 

intensive agriculture 
=/+ 

=/+ for conservation and organic 

practices, no systematic beneficial 

effect is observed on SOM. By 

promoting reduced uses of chemical 

inputs, though, these practices lead 

to lower yields and lower crop 

residues amounts return to soils. 

 

Conservation and 

organic agriculture 

involve the all farm 

management, 

however they 

improve soil 

processes, control 

soil erosion and 

reduce production 

costs 

Govaerts et 

al., 2009 

Harvest 
+ 

- 

+ for crops when harvest leaves on 

place an amount of material 

+ for crops which are completely 

harvested, e.g. silage crops 

From harvest also 

depends the 

farmer’s income  

Morari et al., 

2006 

Choice of crops 

- legumes 

 

+ 

 

- 

 

+ for rotations involviong one sequence 

of legumes like vetch, alfalfa meadows, 

which leave more below-ground organic 

residues 

- for rotations involving several 

sequences of legumes, then carbon 

does not come back to soil 

 

Need to have 

market 

opportunities or 

use on farm for 

legumes, 

therefore mainly 

adapted to mixed 

farming systems 

 

Morari et al., 

2006 

 

Miralles-

Bruneau, 

2008 

- catch crops + + for rotations with catch crops, which 

returned more carbon than rotations 

without catch crops 

More complex 

rotations and need 

to identify 

opportunities of 

use/market for the 

catch crops 

Miralles-

Bruneau, 

2008 

Inputs management     

- Quantity of inputs =/+ =/+ for low-input 6-years rotation with 

forage crops and animal manure, the 

only treatment conserving SOM over a 

27-years period are high-input rotations  

Environmental 

cost of high-input 

system (leaking, 

biodiversity 

destruction 

through 

chemicals), 

economic cost 

Morari et al., 

2006 

- use of manure ++ ++ for animal manure Adapted to mixed 

farming systems 

Morari et al., 

2006 

- quality of manure + 

- 

+ for organic materials with lignin 

content (e.g. straw manure)  

- for lupine green manure 

Not all farmers 

have the choice of 

their manure, and 

need to 

traceability of 

manure 

Lazanyi, 

2009 

- fertilisation + + for all practices that promote yields Environmental and Lazanyi, 
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Parameter 
Impacts 

(++/+/=/-/--) 
Trade-off 

References 

(impacts) 

and consequently the production of 

crop residues and C input to soils. N 

especially increases extra roots and 

stubble ploughed down each year 

economic cost of 

fertilisation 

2009 

- organic fertilisation 

(manure, compost, 

biosoldis) 

++ ++ for soils treated with inorganic 

fertilisation, because of higher amounts 

of crop residues 

Involvement of the 

whole farming 

system and 

management 

practices 

Morari et al., 

2006 

Soil type  Linear relation between total C inputs 

to soil and the corresponding variation 

of SOM 

 Morari et al., 

2006 

 + Higher slope on a clay soil  Morari et al., 

2006 

 - Lower slope on a sandy soil  Morari et al., 

2006 

Climate + + for sunny areas, with high availability 

of water (transpiration, rainfall) 

  

Soil structure + A incompact soil structure comes in 

favour of roots growth and access to 

SOM  

Need for an 

agricultural system 

which does not lea 

to soil compaction 

 

Soil biodiversity + Earthworms help carbon return to soil, 

by cutting and decomposing the 

residues and burying them inside soil, 

while soil microfauna and microflora 

help for SOM decomposition and 

mineralisation and use for growing crops 

Need for an 

agricultural system 

respectuous of soil 

biodiversity which 

is sensitive to 

intensive 

agriculture 

practices 

 

 

3.4. IMPACTS OF CROP ROTATIONS ON SOIL STRUCTURE 

3.4.1.1 Definitions and importance 

Soil is made of particles of various size and composition which are aggregated together by 

various soil-stabilising agents as SOM (Singer and Munns, 1996 ; Ball et al., 2005). This 

aggregation controls the number and size of soil pores. Soil pores can be filled either with air or 

with the soil solution (water and nutrients), or can be used by microorganisms, animals and 

roots during their growth and movement. Therefore, soil structure is essential for soil functions, 

because soil pores make possible the flows of gases, water, nutrients and organic compounds in 

the soil (Singer and Munns, 1996), allow water storage and microbial activity, influence soil 

temperature and mechanical properties. An improvement in soil structure generally represents 

an increase in soil quality.  

The porous structure of soil can be described by a number of quantitative variables such as 

aggregate stability, porosity, bulk density. A high bulk density (a lower porosity) is detrimental to 

soil functions, because it reduces gas and liquid flow, root growth and water infiltration (Singer 
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and Munns, 1996). Depending on the size of the pores, water can be held with different force 

(the smaller the pores, the higher may be the holding force exerted by the soil matrix). Finally, 

also water infiltration into the soil depends on the distribution of pore sizes. 

3.4.1.2 Effects of some rotations on soil physical properties 

The soil physical properties mentioned in the previous paragraph are strongly interconnected 

because they all depend on the pore size distribution. Rotations may impact on soil physical 

properties through a number of factors, namely root growth, return of organic residues to soil, 

root exudates, crop cover, tillage type and frequency, traffic and other actions compacting soil. 

As already mentioned for the accumulation of soil organic matter, also for soil physical 

properties the interaction between rotation, crop management and soil type is extremely 

important. For example, clay is a soil-stabilising agent, and soils with little clay do not have easily 

structure as those that are rich in clay (Singer and Munns, 1996). 

The formation of soil aggregates depends on the availability of SOM. As mentioned before, 

rotations may influence SOM mainly by providing plant materials to the soil (above-ground 

residues, roots and root exudates). Above- and below-ground materials have a different fate: 

while below-ground materials are by definition already incorporated in the soil throughout its 

volume, above-ground materials are incorporated either via soil cultivation or, in a small 

proportion, through leaching of organic compounds (Ball et al., 2005). Below-ground materials 

represent a continuous food source for microbial communities in the soil, which can produce 

labile organic matter fractions that are considered very important in contributing to 

development and stabilisation of soil structure. Ball et al. (2005) suggest that roots may 

decompose less rapidly than shoots, then providing short-term benefits to soil structure. 

Root growth is important because roots can release stabilising or destabilising substances in the 

rhizosphere (Kirkegaard et al., 2008) and create stable biopores in the soil; moreover, when 

roots die they remain in place and can leave organic materials acting as stabilising agents. Roots 

of different crops can grow at different depths; in particular, they can grow deeper than tillage 

depth, thus acting on soil structure where tillage practices would not act (Karlen et al., 1994); 

this requires that subsoil is not limiting root elongation (Ball et al., 2005). Also, crops differ for 

the vertical distribution of root density: root density decreases with depth, but differently in 

different species. Moreover, crops may provide root materials with different resistance to 

decomposition; this has an impact on the duration of their effect after root death (Karlen et al., 

1994). 

Above-ground residues are important for structure: Ball et al. (2005) cite experiments where 

wheat straw has improved aggregation and pore continuity. Also composts were effective at 

increasing soil porosity. 

Crops differ for their contribution to structure formation and improvement. Most of their 

contribution depends on the amount and type of above- and below-ground materials that the 

crop leaves in or on the soil. The presence of temporary grassland (e.g. alfalfa, phalaris) in the 

rotation is one of the main factors contributing to structure (Ball et al., 2005). The other crops, 

as already mentioned when discussing SOM, differ widely for their biomass productivity. Ball et 

al. (2005) indicate that winter cereals and winter oilseed rape have a good biomass production 

potential. Legume crops are rated differently in various works, as reported by Ball et al. (2005). 
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Another important aspect of rotation impact on soil structure is the extent of crop cover across 

the year. The use of cover crops and double cropping systems makes it possible to increase 

primary productivity and organic matter returns to soil. Ball et al. (2005) cite the example of 

winter cover cropping, which increased SOM and improved soil structure in intensively managed 

summer vegetable cropping systems. 

Lazányi (2006) did not find conclusive results about the effect of rotation on soil penetration 

resistance, which is a measure of soil compaction: in the long-term Westsik experiment, the 

effect on penetration resistance of lupine (a catch crop added to a fallow - rye - potato rotation) 

was not evident. Lazányi (2006) concluded that Westsik’s data should be interpreted semi-

qualitatively. 

Giardini and Morari (2004) reported the stability of soil structure for the rotations established 

since 1966 in Padova. They found a significant rotation effect, with higher stability (40%) for the 

1-yr rotation and lower stability (about 37%) for the 2-yr, 4-yr and 6-yr rotations. However, the 

initial situation was better for the 1-yr than for the other rotations, due to positive effect of 

previous cultivation with Italian ryegrass. On the other hand, the significant year × rotation 

effect shows that only the 1-yr rotation had a slight decrease of stability between 1974 and 2000 

(from 41 to 39%). The permanent grassland had a very different structure stability (54% in 1967, 

74% in 2000), thus confirming its beneficial effects on soil quality. Finally, conversion of 

permanent grassland to cereal monoculture caused a strong reduction of stability (down to 40% 

for wheat and 37% for maize, in 2000) from the starting value of 50% in 1967. 

3.4.1.3 Critical farming practices 

Besides the choice of crops and their sequence in the rotation, several crop management 

operations may have a strong impact on soil structure and on related soil physical properties. 

These are tillage, traffic and organic fertilisation.  

Tillage depth and frequency are very important: every tillage operation modifies soil structure 

(in particular by increasing the amount of macropores and decreasing bulk density); however, 

under the action of gravity and rainfall, porosity decreases again subsequently. No-tillage does 

not disturb the soil, increases the number of earthworms (Ball et al., 2005) and improves soil 

structure, at least in the medium-long term (in the short term soil structure can be damaged by 

NT practices). 

An important farming practice that damages soil structure is traffic: even under NT, machinery is 

frequently used for various crop operations (e.g. pesticide and fertiliser applications, mechanical 

weeding, harvest). Agricultural machines are heavy and thus cause damage to soil structure 

(increase of bulk density, reduction of porosity) in the zones where wheels pass. The degree of 

compaction caused by machinery depends strongly on the soil water content at the moment of 

the wheel passes, and also on the SOM content (Hamza and Anderson, 2005). Compaction can 

be strongly reduced if operations are carried out when the soil is dry. 

One last important farming practice influencing soil structure is the addition to soil of organic 

materials (e.g. composts, manure) and crop residues. Karlen et al. (1994) report that the 

cropping systems returning the most residues to soil usually have the lowest bulk density. For 

example, they report that continuous grain maize frequently has lower soil bulk density (i.e. a 

better structure) compared to maize - soybean rotations. The same is valid for manure and 

sewage sludge applications: Karlen et al. (1994) cite an experiment where the combined effect 
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of alternative practices (crop rotation, application of organic fertilisers, ridge-tillage) improved 

soil structure (i.e. increased water stability) compared to conventional practices (shorter 

rotation, reduced tillage). 

3.4.1.4 Impacting crop rotations 

The reviews available (Karlen et al., 1994; Ball et al., 2005) do not provide quantitative and 

complete syntheses of the effects of crop rotation on soil structure. They rather present 

examples that provide results that are sometimes contrasting; thus, it is difficult to draw some 

general conclusions. 

It is possible to state that permanent meadows are good at maintaining and improving soil 

structure (Giardini and Morari, 2004). Also rotations including temporary grasslands have a 

positive role on soil structure (Karlen et al., 1994). Rotations with many years of sod, pasture or 

hay crops tend to build a good structure, which is reduced by short rotations (Karlen et al., 

1994). The same authors, however, cite cases when crop rotation did not significantly influence 

soil structure. 

Another point is related to the effect of traffic on soil structure : crops harvested during wet 

periods (late autumn: as sugarbeet, potatoes) or leaving high moisture (fully irrigated crops) 

could be detrimental to soil structure. Generally winter-sown crops and sunflower are harvested 

in better moisture conditions and don’t impact the soil structure.  

3.4.1.5 Scale of impact 

For the spatial scale, the same considerations already presented for SOM are valid. The temporal 

scale of changes of soil structure is relatively quicker than for SOM (Kay, 1990), with very fast 

changes occurring when structure is damaged (e.g. compaction due to traffic), and slower 

changes when structure is improved. 
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3.5. PARAMETERS INFLUENCING THE IMPACT OF CROP ROTATIONS ON 

SOIL STRUCTURE 

Table 3-4: Parameters influencing the impact of crop rotations on soil structure 

Parameter 

Impacts 

(++/+/=/

-/--) 

Comment Trade-off 
References 

(impacts) 

Aggregation        

- various 

sizes of 

pores and 

aggregates 

+ 

 

 

 

 

+/- 

+ for relatively high sizes of pores and particles - Soil 

structure consists of soil particles and pores of various 

sizes, filled with air or soil solution (water and nutrients). 

These pores and particles make possible the flows of gases, 

water, nutrients, organic compounds, as well as the 

movements and access to food and habitats of soil 

microorganisms, animals and roots, which participate in 

the building of soil structure. 

+/- depending of the size of pores and distribution, 

physical properties of soil are modified, e.g. the smaller the 

pores, the higher may be the holding force exerted on 

water  

Aggregates 

result from a 

complex and 

long-term 

range of 

natural and 

technical 

impacts. 

Singer and 

Munns, 

1996 

- particles 

composition 
+/- 

infiltration by the soil matrix  

see SOM - above-ground (crop residues) and below-ground 
    

- bulk 

density and 

porosity 

(pore size 

and 

distribution) 

+ 

 

- 

+ for soils with moderate to good porosity - then flows 

and infiltration are made easier in soil. 

- for soils with a high bulk density (= a lower porosity), 

which is detrimental to soil functions and soil structure 

building and maintenance, because it reduces gas and 

liquid flows, water infiltration and roots growth, as well as 

soil biodiversity access to food and habitat. 

  

Singer and 

Munns, 

1996 

Soil type +/- 

+ for clay, which is a soil-stabilising agent, and  

- for soils with little clay, which do not have easily 

structure as those that are rich in clay 

Soil type also 

participate in 

yields and 

farmers work 

easiness, and 

are not 

adapted to 

any crop 

Singer and 

Munns, 

1996 

SOM 

availability 
 

SOM contains various soil-stabilising agents, which 

aggregates soil and participate in building its structure 
  

Singer and 

Munns, 

1996; Ball 

et al., 2005 

- below-

ground 
+ 

+ for roots and roots exudates, which provide organic 

matter already incorporated in the soil volume. They 

present a continuous source of food for soil microbial 

communities, which are considered very important in 

contributing to development and stabilisation of soil 

structure. Roots may decompose slower than shoots, thus 

providing short-term benefits to soil structure.  

SOM level 

results from 

the interaction 

of initial 

natural soil 

characteristics 

and 

management 

practices 

Ball, 2005 

- above-

ground 

(crop 

residues) 

+ 

 

 

 

 

+/- 

+ from a general perspective, for more above-ground 

materials, which are incorporated either via soil cultivation 

or, in a small proportion, through leaching of organic 

compounds. They participate in the stabilisation of soil 

structure. For example, wheat straw has improved 

aggregation and pore continuity, and composts increased 

  Ball, 2005 
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Parameter 

Impacts 

(++/+/=/

-/--) 

Comment Trade-off 
References 

(impacts) 

soil porosity. 

+/- depending on the material type, crops differ for their 

contribution to structure formation and improvement (see 

rotations). 

Roots 

growth 
+ 

+ for growing roots, which can release stabilising and 

destabilising substances in the rhizosphere and create 

stable biopores in the soil. Moreover, when roots die, they 

remain in place and leave organic materials acting as 

stabilising agents. 

Roots growth 

also depends 

on genetic 

factors 

Kirkegaard, 

2008 

Roots 

length 

(diversity of 

species) 

+ 

+ for diverse species and thus diverse lengths of roots. For 

example, deep roots can act at depth where tillage in not 

active.  

+ for diverse species and thus diverse resistances to root 

decomposition, resulting in organic matter delivered on a 

long time period after root death. 

  

Ball, 2005 

Karlen, 

1994 

Crop cover + 
+ for winter crop cover, which increase primary 

productivity and organic matter returns to soil 

Crop cover 

needs to be 

organised at 

the crop 

rotation level 

and require 

extra work 

  

Rotation +/- 

+/- rotations may impact on soil physical properties 

through a number of factors, namely root growth, return of 

organic residues to soil, root exudates, crop cover, tillage 

type and frequency, traffic and other actions of compacting 

soil. 

 + for rotations including temporary grasslands and 

permanent meadows - one of the main factors 

contributing to structure 

=/+ for rotations including winter cereals and winter 

oilseed rape 

+/=/- for rotations including legumes according to 

publications 

+ for longer rotations compared to shorter rotations 

Need to 

forecast the 

rotation and 

weak flexibility 

to adapt to 

fluctuating 

market 

opportunities 

Singer and 

Munns, 

1996; 

Lazanyi, 

2006 ; Ball, 

2005 

Giardini 

and 

Morari, 

2004 

Karlen, 

1994 

Steward 

and 

Koohaftan, 

2004 

Tillage 

+ during 

tillage, 

=/- after 

 

 

=/- for 

no-

tillage in 

the ST, + 

in the LT 

+ during tillage, =/- after: tillage depth and frequency are 

very important, as every tillage operation modifies soil 

structure immediately, by increasing the amount of 

macropores and decreasing bulk density, however, gravity 

and rainfall then make porosity decrease again 

subsequently. 

=/- for no-tillage in the ST, + in the LT: no-tillage, which 

does not disturb soil and increases the number of 

earthworms, may damage soil structure in the short-term, 

but improves soil structure in the medium-long term. 

- for tillage/plough applied to soils untilled for years, 

which appear like major disturbances for the soils, which 

led to a very fast evolution of soil organic matter pools, N 

fluxes and microbial activities towards the characteristics 

observed for tilled and arable situations. These effects 

result both from the 

cultivation of soil and the mixing of soil layers. 

No tillage 

leads to mulch 

creation, with 

increased 

parasites 

amounts and 

more complex 

sewing 

Tillage leads to 

depletion of 

soil structure 

and superficial 

earthworms 

populations 

Ball, 2005 

 

 

 

 

 

 

 

 

 

 

Recous, 

2010 
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Parameter 

Impacts 

(++/+/=/

-/--) 

Comment Trade-off 
References 

(impacts) 

Traffic 

- 

 

 

 

 

-- 

- for frequent traffic: agricultural machines are heavy and 

thus cause damage to soil structure (increase bulk density 

and reduce porosity) in the zones where wheels pass. The 

degree of compaction caused by machinery strongly 

depends on the soil water content and SOM content during 

traffic time. 

-- if traffic is performed when soil is wet, for example in 

late autumn as for sugar beets and potatoes, or leaving 

high moisture (fully irrigated crops). Generally winter-sown 

crops and sunflower are harvested in better moisture 

conditions and don't impact the soil structure. 

Traffic results 

from the usual 

management 

practices (e.g. 

sowing, 

applications of 

fertilisers, 

pesticides, 

harvest) 

Hamza and 

Anderson, 

2005 

Organic 

fertilisation 
+ 

+ for rotations with addition of organic materials 

(compost, manure, sewage sludge) and crop residues 

which lead to lower bulk density, and better soil structure. 

For example, continuous grain maize has a better soil 

structure than a maize-soybean rotation. 

Organic 

fertilisation 

needs to be 

available on 

farm or next 

to the farmer 

Karlen and 

al., 1994 

Crop 

residues 
+ see SOM - above-ground (crop residues) 

also result 

from high 

yields with 

high inputs 

needs and 

leakage 

  

Date of 

harvest 
+/- 

+ for harvest/treatment performed when soil is dry and 

therefore result in lower soil compaction due to wheel 

passage on soil. 

Date of 

harvest hardly 

modified, 

depending on 

the species 

precocity and 

climatic 

conditions 

Hamza and 

Anderson, 

2005 

 



Annexes - Final Report 

September 2010 

European Commission - DG ENV 

Environmental impacts of crop rotations in EU-27 
95 

 

3.6. PARAMETERS INFLUENCING THE IMPACT OF CROP ROTATIONS ON 

SOIL EROSION 

Table 3-5: Parameters influencing the impact of crop rotations on soil erosion  

Parameter 
Impacts 

(++/+/=/-/--) 
Comment Trade-off 

Rainfall - 
- for rare rainfall, which tend to increase soil 

erosion processes 

Rainfall depend on 

climate and cannot be 

managed 

Tillage and 

soil roughness 

+/- 

depending on 

tillage 

+/- depending on the type and timing of soil tillage, 

soil texture 

+ for no-tillage, which results in a protective crust 

on the topsoil 

- for conventional tillage, which results in opening 

the topsoil, breaking soil surface structure, and 

making the evaporation of soil humidity easier. 

No tillage leads to 

mulch creation, with 

increased parasites 

amounts and more 

complex sewing 

Tillage leads to 

depletion of soil 

structure and 

superficial 

earthworms 

populations 

Soil cover and 

crop residues 

+/=/- 

depending on 

crop 

+ for soils covered with consistent crop covers and 

residues, which benefit from a protection from 

drought due to sun and climate factors. 

+ for rapeseed and cereals, which cover the soil 

rapidly at a period where rainfall intensity is 

generally lower than in spring or summer 

= for row crops, which have low protective function 

in general (e.g. maize, sunflower, sugar beet, 

vegetables)  

- for crops leaving low residues (potatoes and 

peas), contributing to high erosion risk in the 

following crop 

Soil cover depends 

from the rotation 

choices and crop 

residues also result 

from high yields with 

high inputs needs and 

leakage 

Plant canopy 

cover 
+ 

+ for soils covered with consistent plant canopy 

cover, which benefit from a protection from drought 

due to sun and climate factors. 

Soil cover depends 

from the rotation 

choices 

Rotations 

+/=/- 

depending on 

crop 

+ for rotations including high proportions of winter 

crops (rapeseed, cereals) 

++ for continuous meadow 

- for rotations with more spring (row) crops 

-- for sparse fallow 

++ for fibrous rooted, high residue producing crops 

such as grass and small grains. Perennial plants used 

for forage are very effective in crop rotations due to 

increases in organic matter and reduced soil 

erosion. 

Need to forecast the 

rotation and weak 

flexibility to adapt to 

fluctuating market 

opportunities 
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4.  WATER 

4.1. IMPACTS OF CERTAIN CROP ROTATIONS ON WATER 

Table 4-1: Impacts of certain crop rotations on water 

Types of impacting crop 

rotations 

Impacted aspect of the waters 

(++/+/=/-/--) 

Comments 

 N/P-

leaching 

Residues of 

Pesticides 

Water 

Erosion 
Evaporation Irrigation

16
 

 

monoculture of maize:  

- for silage 

 - for grain 
- - 

-  

= 

= 

-- 

- 

-- 

-- 

- 

-- 

· Long periods of uncovered soil 

especially for silage maize (spring, 

autumn)�water erosion 

· Irrigation required�high water 

consumption 

· Limited number of pesticide use, 

runoff quantity depends on doses 

monoculture of: rye 

 wheat 
+ 

- 

+ 

-- 

+ 

- 

++ 

= 

++ 

++ 

· rye has longer vegetation period � 

a better soil cover�limited water 

loss 

· rye is less intensive�reduced N and 

chemicals leaching 

[oilseed/ winter wheat] or 

[oilseed/wheat/winter 

barley] 

= 

+ 

= 

- 

= 

+ 

+ 

+ 

++ 

++ 

·  

[maize/winter wheat] or 

[maize/w. wheat/w. wheat/] = = = - = 

· Often without irrigation 

· No particularly harmful effect on 

either of the aspects 

[sunflower/wheat] or 

[sunflower/durum wheat] - = - - + 

· Well adapted to Southern regions 

without irrigation 

· enables water leaching and erosion 

[legumes/winter 

wheat/other cereal] 

= = + + = 

· beneficial effects on all water 

related aspects 

· can be managed with (spring sown 

legume) or without irrigation 

(winter sown legume) 

[potatoes/spring 

barley/winter 

wheat/triticale] - - - - + 

· harmful effects on all aspects 

·  popular in Northern and Central 

Europe. 

· Managed without irrigation (except 

on sandy soils) 

[sugar beet/spring barley/oil-

seed rape/winter 

wheat/winter wheat] 

- - = = + 

· Enhances N and pesticide leaching 

· No irrigation required 

[sugar beet/spring 

barley/(winter 

cereal)/potatoes/winter 

cereal] 

- - - - - 

· Many harmful effects (N leaching, 

high water demand) 

· Practiced in deep plains of Northern 

Europe 

[temporary grasslands (2 

years)/ barley/ winter 

wheat/ maize silage/ barley] 

= = = = + 

· Neutral impacts on residue 

accumulation in water 

· Mainly practiced without irrigation 

                                                           
16

 Irrigation : -- intensive use of irrigation ; ++ no irrigation is possible  
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Table 4-2: Linkages between the environmental impacts on water, crop rotations and farming 

practices 

Impacted 

aspect of the 

waters 

Example of impacting crop rotations 
Critical farming practices in the 

impacting crop rotations 

 
(+) positive 

impact 

(=) neutral 

impact 
(-) negative impact  

N leaching 

Canola/Winter 

Wheat/ Winter 

Barley/ Winter 

Wheat 

Potato/Canola 

/Winter Barley  

Temporary 

grasslands  

Sugar 

Beets/Spring 

Barley 

/Canola/ 

Winter Wheat 

Sugar beet / 

Winter Wheat 

/Canola / 

Winter Wheat  

Potato/Rye/Ry

e 

Rye/Rye/Rye 

Maize/ 

Spring Barley/Peas

/ Spring Wheat 

Maize/Maize 

(Sunflower/Sunflo

wer) 

Sugar beet / Spring 

Barley 

/clover/clover/ 

Spring Wheat 

Catch crops 

Minimum tillage 

Underploughing the straw 

Appropriate application of organic 

fertilisers 

Proper sequence of crops after 

legume crops and other crops grown 

on organic fertilisers 

Non-excessive application of 

Nitrogen, splitting N doses 

Establishing buffer strip or planting 

trees along waterways  

Residues of 

pesticides 
 

Maize/Barley/

Triticale 

Sunflower/Barl

ey/Sunflower 

Sugar beet 

/Wheat/Canola/W

heat 

Potato/Wheat/Can

ola/Wheat 

Integrated Pest Management:  

- use of selective pesticides 

- use of the control thresholds 

- using resistant cultivars; 

- use of the new generation of 

pesticides with a low amount of 

active ingredient; 

- use of biological and mechanical 

protection methods; 

- cultivation of mixes of varieties, e.g. 

barley 

Water 

erosion 

Canola/ Winter 

Barley/Grass+luc

erne/ 

Grass+Lucerne/

Grass+lucerne 

/Winter Wheat  

Maize/Wheat 

/Canola 

/(catch 

rop)/Maize 

Canola/ Winter 

Wheat / 

Winter Barley  

Potato/ Spring 

Barley /Silage 

Maize/Spring 

Barley 

Monocultures of 

spring crops 

Selection of crops 

Catch crops 

Cultivation cross slopes and directions 

of water runoff 

Cultivation in narrow rows 

Mulching  

Evaporation 

Potato/Winter 

Barley/Canola/

Winter Barley 

Sugar beet / 

Winter Wheat 

/Canola/ 

Winter Wheat  

Monocultures 

of Winter 

cereals (e.g. 

rye, wheat) 

Canola / Spring 

Barley 

/Lucerne/Lucerne 

Monocultures of 

spring crops (e.g. 

maize) 

- selection of crops increasing soil 

cover index; 

- operations reducing evaporation 

(e.g. harrowing of the surface of the 

soil) 

- minimum tillage in the spring; 

- increasing content of organic matter 

in sandy soils; 

- planting rows of trees in areas with 

sandy soils 

Irrigation Potatoes, Sorghum, Monoculture of Selection of water efficient species, 
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Impacted 

aspect of the 

waters 

Example of impacting crop rotations 
Critical farming practices in the 

impacting crop rotations 

 
(+) positive 

impact 

(=) neutral 

impact 
(-) negative impact  

vegetables, 

maize 

[potatoes/spring 

barley/winter 

wheat/triticale] 

sunflower 

[sugar 

beet/spring 

barley/oil-seed 

rape/winter 

wheat/winter 

wheat] 

maize, Alfalfa/ drought tolerant species or escaping 

crops, i.e. species requiring low water 

levels 

 

4.2. IRRIGATION 

In Europe, irrigation is mainly practiced in Mediterranean regions where it covered 12 % 

(Portugal) to 33 % (Greece) of the arable land in 2005 (source: Eurostat). However, in Northern 

countries, irrigation may account for a significant part of the arable land: up to 10 % in Denmark 

(sandy soils), 5 % in the Netherlands (high value products). In France, 6 % of the arable land is 

irrigated with strong regional disparities between North and South. 

In the regions where cereals and oil-protein crops are predominant, grain maize is the main 

irrigated crop (France, Spain, Italy); it represents 70 to 80 % of the irrigated areas in SW France. 

In SE France (Mediterranean part), 35-45 % of the irrigated land is devoted to horticulture and 

fruit production (Gleyses and Rieu, 2004). 

In the regions where water deficit is moderate, irrigated crops are generally rotated with rainfed 

crops: for instance, potato and sugarbeet are often irrigated in Northern France, while wheat 

and barley are managed as rainfed crops. Flexible irrigation systems are mainly used. 

In Southern Europe, rainfed and irrigated systems are conducted on distinct topographical and 

pedological situations: for instance, 

• in Southern France, irrigated maize is grown as monoculture in valleys and river 

terraces, sometimes with soybean and wheat as break crops ; sunflower, 

sorghum, wheat and oilseed rape are grown on hillsides without irrigation (or 

with limited irrigation at the most critical periods).  

• in Spain (Guadalquivir valley, Ebro valley…), maize is rotated with a wide variety 

of crops (fresh vegetables, cotton, …) or forages (alfalfa) ; maize receives high 

water amounts (800-1000 mm) in irrigated perimeters while winter cereals 

(mainly barley) and fallow are grown in rainfed conditions.  
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Figure 4-1: % of irrigation for major productions in France.  

In these irrigated perimeters, water is delivered by center pivot systems or by furrow systems.  

In Southern regions, irrigation is a way to increase the diversity of cultivated crops. But, in spite 

of this theoretical diversity, crop rotations are less diverse than expected because water 

responsive and drought tolerant crops are grown separately according to available water 

resource which can in fact lead to a more frequent practice of monoculture. However, except 

maize monoculture in some regions, irrigation generally increases the diversity of crops, because 

‘seed production’ crops or fresh vegetables can be inserted in crop rotation when irrigation is 

secured. Double cropping is also possible using summer crops soon after harvest of winter-sown 

crops provided irrigation is fully available. In some regions, rotations in dryland conditions are 

generally shorter because only drought-tolerant crops are planted, limiting the range of possible 

crops while in irrigated land, a profusion of crops with high economic return are cropped 

(Andalucia for instance). In other regions, because of specialized cereal systems, irrigation may 

lead to monoculture (e.g SW of France: continuous maize)  

The nature of crops and the crop sequence both play on the irrigation requirements of the crop 

rotation: 

• the composition of crop rotation (and consequently of farm cropping plan) 

Crops differ by their water requirements for achieving maximal 

production. They also differ by their irrigation needs because the ability of 

crops to extract water from soil and the availability of soil water during the 

growing season are different from one crop to another.  

• the crop sequence 

Some effects of preceding (or previous) crops on water availability for the 

next crop have been reported in the literature but it is not clear whether 

they change significantly the irrigation requirements of the next crop.  
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4.2.1.1.1 Differences in water irrigation requirements among crops 

Numerous studies in the 70-80s have reported crop production functions relating relative yield 

(yield /potential yield) as a function of relative evapotranspiration (ET: ETpotential) (e.g. 

Cabelguenne et al., 1982). A famous review of world literature was published by FAO on that 

subject (Doorenbos et al., 1979). These functions have been extensively used by agro-

economists to determine optimal crop plans and optimal water allocation at farm level (Leroy 

and Jacquin, 1994). This is illustrated on Figure 4-2 for some major crops (Amigues et al., 2006). 

Four groups of crops were separated according to their susceptibility to water deficit. From the 

most tolerant to the most susceptible, they ranged like follows: 1) sunflower; 2) sorghum and 

wheat; 3) pea and soybean; 4) maize. 

In other studies, the response of grain yield to increasing irrigation amounts was reported, 

indicating a higher response for maize when water is fully available but a higher response for 

sorghum at low irrigation rates (e.g. Stone et al., 1996). The results are more conclusive when 

total water use (soil + precipitation + irrigation) is considered instead of irrigation rates 

(Cabelguenne et al., 1982). 

From these studies, conclusions can be drawn in terms of efficiency of water use for grain 

production (kg grain per mm) which differs among crops and varieties. For instance, C4 crops 

(maize, sorghum) are more water efficient than C3 crops (wheat, sunflower, soybean...) 

(Hattendorf et al., 1988).  

Irrigation requirements change with soils and climates. However, in the regions where 

supplemental irrigation is practiced, maize receives the highest water amounts, and 

supplemental water is necessary every year: summer crop, high transpiration rates, and critical 

period around flowering are the main reasons justifying such high volumes. The profitability of 

any additional mm of irrigation depends on water cost and crop price. 

 

Figure 4-2: Relative transpiration and relative yield for a range of crops
17

 

Maize is the most susceptible to water deficit while sunflower is the most tolerant crop. 
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Figure 4-3: Crops irrigation requirements (mm) in 3 soil depths in Toulouse (20 yr)
17

  

RU = available soil water (in mm); RU 120, RU 180 and RU 250 are 3 soil depths 

Maize A : late variety, full irrigation (yield : 13.5 t/ha) 

Maize B : early variety, limited irrigation (yield : 10 t/ha) 

Other crops : optimal irrigation preventing excess of vegetative growth (risk of diseases) 

As an example, the average irrigation amounts (20 yrs) in the Toulouse region are given for a 

range of crops and 3 soil types differing by their available soil water content (Figure 4-3). As 

maize is extremely responsive to water applications, full irrigation is generally optimal every year 

(230-280 mm according to soil types). In practice, hydraulic and labour constraints, as well as 

administrative restrictions result in lower volumes applied by the farmers than theoretical 

requirements (100 to 210 mm, Teyssier, 2006). Other grain crops are less irrigated either for 

economical or agronomical reasons. Winter cereals need supplemental irrigation only 1 year out 

of 4.  

Additional data are presented for Spain in drier conditions in Table 4-3: it confirms the range of 

water requirements indicated above. 

Table 4-3: Crops water use in Spain (La Mancha Occidental y el Campo de Montiel)
18

 

Crops Water (mm /ha/ yr) 

Cereals 200-230 

Legumes 500 

Tubers (potatoes) 600 

Soybean 400 

Sugar beet 750-800 

Alfalfa 800-900 

Forage maize 400-500 

Maize 800 

Orchards 550 

Vineyards 150-200 

An evaluation of irrigation requirements was attempted at national level (here France) by 

accounting for irrigated surface and mean irrigation volume (see Table 4-4). Grain maize is the 

most water consuming crop: the volumes are 6 times higher than the other crops (both 

                                                                                                                                                                             
17

 from Amigues et al., 2006 
18

 Lopez-Galvez and Naredo, 1997 



102 
European Commission - DG ENV 

Environmental impacts of crop rotations in EU-27 

Annexes - Final Report 

September 2010 

 

volume/ha and irrigated surfaces are higher). Water is mainly applied in summer at a critical 

period for the different water uses. Sorghum is as efficient as maize but requires far less water. 

Total irrigation used on wheat is moderate because of the low irrigation rate and the moderate 

amount applied per ha. Potato, spring pea and soybean are the most irrigated crops after maize 

but the areas are reduced. Wheat and pea need irrigation water in April-May when the other 

water demands are reduced. Oilseed rape is never irrigated because of early sowing in autumn 

and deep rooting. 

Table 4-4: Annual crop water use (Mm
3
) at the French level (From Amigues et al. - 2006) 

 

From these results, we propose the following crop classification: 

• water efficient crops, with high crop value or high quality requirements, 

extremely sensitive to water shortage all along the rotation or at critical 

periods: they need frequent irrigation applications � potato, vegetables, maize 

(especially for seed production) for economical return (contracts…) 

• drought tolerant crops (as sorghum or sunflower): summer crops, deep rooted, 

with efficient adaptive process, they can adjust their transpiration to water 

availability without affecting too much final production and quality; when 

irrigated, they require about 3 times less water than maize in general ; 

• escaping crops (as winter cereals – wheat, barley or oilseed rape): as autumn-

sown crops, they escape the drought periods occurring generally from late 

spring to mid-summer in Europe; they are generally not irrigated but sometimes 

in shallow soils they may require supplemental irrigation. They use water in 

spring, a period where competition for water resource is reduced. 

In Southern Europe, some crops are completely excluded from cultivation if irrigation is not 

available (maize for instance). There is a trend to irrigate crops which were generally managed in 

dryland systems 10-15 years ago (ex. potato in Northern Europe).  

4.2.1.1.2 Preceding crop effect on available soil water use 

In theory, soil water use could be optimized if crops with different rooting patterns were 

properly chosen in the crop sequence but this aspect is poorly documented. Most of the 

references have been produced in arid and semi-arid conditions where crop rotation plays an 

important role in water economy.  

The effect of the preceding crop on water storage may be due to its water consumption, the 

type and amount of residue it generates and the physical effect of its root system on the soil. 
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Deep-rooted crops with summer crop rotation (as sunflower, alfalfa, sorghum) deplete more 

water from the soil than winter-sown and shallow-rooted crops (as winter pea) (Debaeke and 

Cabelguenne, 1994). Lopez-Bellido et al., (2007) in Spain observed an effect of a range of 

preceding crops on soil water content at wheat planting: fallow > faba bean > wheat > chickpea 

> sunflower. Larney and Lindwall (1995), in semi-arid Western Canada, reported that available 

water for establishment of winter wheat in autumn was least after oilseed rape (45 mm), 

followed by continuous winter wheat (59 mm), lentils/flax (74 mm) and fallow (137 mm). In this 

region, the effect of rotation on soil water was much greater than that of tillage.  

In the US Southern Plains, Musick et al. (1994) found that wheat yields were linearly related to 

soil water stored at planting and that this positive relationship was more significant than the 

relationship to seasonal water use.  

However, in other studies, despite the fact that fallow soil water storage and storage efficiency 

preceding wheat planting may vary among the systems, the authors did not observed significant 

differences in soil water content at wheat planting (Norwood, 1994; Farahani et al., 1998 ; 

Huang et al., 2003). 

In Europe, the effect of previous crop could affect the growth of winter sown crops only if soil 

water recharge is incomplete after winter, which does not occur frequently in most of 

temperate Europe. For that reason, previous crop has generally no influence on irrigation 

requirements of the next crop. 

Only, in Southern Europe (Spain), where semi-arid conditions are present (annual precipitation < 

400 mm), introducing an annual fallow for storing soil moisture is often necessary thus reducing 

the number of crops in the rotation but breaking the cereal monoculture.  

Cover crops sown after the main crop in autumn use shallow soil water ; they generally do not 

impact seriously the total soil water content for the main crop planted in spring (Justes et al., 

2002). 

4.2.1.1.3 Conclusions  

In Southern Europe, crop rotations differ with irrigation availability; in some regions, irrigation 

result in more crop diversification (including vegetables, cotton…) while in others, monoculture 

of maize is the optimal choice. Price ratios and market opportunities still remain the drivers of 

crop choices. Irrigated and rainfed systems are clearly separated in the landscape. 

In Central, Western and North Europe, irrigated and rainfed crops are generally combined in the 

same rotation. Irrigation increases the diversity of possible crops. But it may result in maize or 

horticulture monoculture anyway.  

Cereal monoculture is often the only alternative in rainfed systems of Southern Europe while 

maize monoculture is the main option in irrigated systems of Europe. 

In rainfed systems, crop rotation (and resulting crop plan) is a way to reduce the risk of severe 

yield loss (by combining crops with different degree of drought tolerance, alternating winter and 

summer crops...). Only in limited parts of Europe, the introduction of fallow has a role in water 

storage for next crop. 
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Differences in irrigation amounts and water use efficiency (WUE) may be observed between 

crop rotations. Some crop rotations are preserving quantitative soil resources, some are more 

efficient than others to use total available water. 

4.3. PARAMETERS INFLUENCING THE IMPACT OF CROP ROTATIONS ON 

WATER 

Table 4-5: Parameters influencing the impact of crop rotations on N leaching (Pers.comm: 

Edward Majewki, 2010; Torstensson and Aronsson, 2000) 

Parameter 

Impacts 

(++/+/=/-/--

) 

Comment Trade-off 

Catch crops 
+ with catch 

crops 

+ with catch crops, by taking up the Nmin left after the harvest 

of the previous main crop, catch crops reduce N leaching by 60ù 

on average, especially in the periods of excess precipitations 

and runoff. Nitrogen can then be released in the mineralization 

process when the catch crop is under-ploughed before the 

growing season for the next crop in rotation. 

=/- for treatments without catch crops 

Crop cover and catch crops 

management need to be 

organised at the crop 

rotation level and require 

extra work 

Tillage - 

- for tillage, as each intervention increases the amount of air in 

the soil and reduces the amount and temperature of water due 

to evaporation, resulting in the increased mineralization of 

organic matter in soil. 

No tillage leads to mulch 

creation, with increased 

parasites amounts and 

more complex sewing 

Tillage leads to depletion 

of soil structure and 

superficial earthworms 

populations 

Intensive 

production 
- 

- for intensive agriculture, which increases microbiological 

activity, leading to increased emission of CO2 as well as of 

mineral forms of Nitrogen (NH4+, NO3-), which may lead to 

groundwater, especially in conditions of intensive 

precipitations. 

Intensive farming results 

from the need to ensure 

high yields, useful to 

nourish populations and 

animals, and to perform 

profitable agriculture 

Underploughi

ng straw 
+ 

+ for practices of underploughing the straw, which result in 

nourishing microorganisms and taking up reserves of Nmin from 

the soil during the fallow period. This process of N 

immobilisation reduces the risk of leaching. 

see tillage 

Crops with 

large mass of 

roots in the 

autumn 

+ 

+ for cultivation of crops with large mass of roots in the 

autumn allow for uptake of Nmin left in the soil after harvest of 

preceding crops, especially legumes, root crops grown on 

animal manure. Oilseed rape is particularly efficient to capture 

N. 

Need to forecast the 

rotation and weak 

flexibility to adapt to 

fluctuating market 

opportunities 

Organic 

fertilisers (soil 

manure, 

slurry) 

+ 

+ for organic fertilisers applications under crops able to use 

nitrogen mineralised from organic fertilisers (crops with a long 

vegetation period, with well established root system), 

considering appropriate periods of application and doses 

reflecting nutritional requirements of crops. 

Organic fertilisers needs to 

be available on farm or 

next to the farmer 

Non-excessive 

application of 

nitrogen 

=/+ 

=/+ for non -excessive application of nitrogen, splitting N 

doses: this results from the application of N budget and in-

season N sensors. However, N available after legume crop is 

difficult to predict. 

Fertilisation ensures 

satisfying yields levels 

Buffer strip or 

planting trees 

along 

waterways 

=/+ 

=/+ for establishing buffer strips or planting trees along 

waterways, which role is to protect water sources (rivers, water 

reservoirs) for nitrogen leaching. 

constraining practice, 

which immobilises a share 

of land 
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Parameter 

Impacts 

(++/+/=/-/--

) 

Comment Trade-off 

Crops - length 

of vegetation 

period 

+ for long 

vegetation 

period 

- for short 

vegetation 

period 

+ for rotations including crops with a long vegetation period, 

which develop a large mass of roots during the critical periods 

for Nmin losses (autumn, spring). 

- for rotations including crops with a short vegetation period. 

Need to forecast the 

rotation and weak 

flexibility to adapt to 

fluctuating market 

opportunities 

 

Table 4-6: Parameters influencing the impact of crop rotations on residues of pesticides 

Parameter 

Impacts 

(++/+/=/-

/--) 

Comment Trade-off 
References 

(impacts) 

Pest level = 
= for acceptable pest levels, the aim should be to 

control, not eradicate pest levels. 

Pest 

sensitivity 

also depends 

on the species 

choice 

Bennett, 

2005 

Preventive 

cultural 

practices 

+ 

+ for preventive cultural practices: be selecting varieties 

best for local growing conditions, and maintaining 

health crops, as the first line of defense, together with 

crop sanitation to prevent spread of infection (plant 

quarantine and removal of diseased plants); by adopting 

crop rotations reducing the risks of pest explosion. 

see rotation 

diversity 

Bennett, 

2005 

Monitoring + 

+ for monitoring, regular observation: regular and 

frequent visual inspections, including insect and spore 

traps, and monitoring tools to monitor pest levels and 

accurate pest identification. 

Time 

consuming 

activity and 

need for 

training 

Bennett, 

2005 

Mechanical 

control 
=/+ 

=/+ for simple hand-picking, erecting insect barriers, 

traps, vacuums, and tillage are used to disrupt breeding 

and pest invasions. 

Time 

consuming 

activity and 

need for 

training 

Bennett, 

2005 

Biological 

controls 
=/+ 

=/+ for natural biological processes and materials, in 

order to control with minimal environmental impact, 

and often lower costs. This includes mainly beneficial 

insects that eat target pests, and biological insecticides, 

derived from naturally occurring microorganisms, e.g. 

Bt, entomopathogenic fungi and entomopathogenic 

nematodes. 

Need for 

training 

Bennett, 

2005 

Chemical 

controls 
= = for synthetic pesticides as the last control option  

Bennett, 

2005 

Rotation 

diversity 
+ 

+ for diversified crop rotations, in terms of sowing 

periods for instance, and rotations with a high square of 

crops with a low dependence on pesticides, such as 

grass, clover, lucerne. The rotation may thus play a role 

in controlling pathogens, and result in reduced needs for 

chemical controls. 

- for simplified rotations and monoculture, as well as 

rotations including a dominating share of crops that are 

highly dependant on chemical crop protection, and 

requiring pesticides during the periods of high 

precipitations and run-off. 

Need to 

forecast the 

rotation and 

weak 

flexibility to 

adapt to 

fluctuating 

market 

opportunities 

Vereijken, 

1994 
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Table 4-7: Parameters influencing the impact of crop rotations on water erosion (Heard, 1990) 

Parameter 
Impacts 

(++/+/=/-/--) 
Comment Trade-off 

Selection of 

crops 
+ 

+ for selection of crops which require low water 

inputs, e.g. cereals 

- for selection of crops with huge water 

requirements 

Need to forecast the 

rotation and weak 

flexibility to adapt to 

fluctuating market 

opportunities 

Catch crops ++ 

+ for rotations with catch crops and permanent soil 

coverage, which in turn results in low evaporation 

and N leaching. Finally, such a practice allows having 

reduced water needs as well as maintaining a good 

soil and water quality. 

Need to forecast the 

rotation and weak 

flexibility to adapt to 

fluctuating market 

opportunities 

Cultivation 

of crops 

cross clopes 

and 

directions of 

water run-

off 

+ 

+ for taking slopes into account in the crop 

management, which results in N leaching and 

residues of pesticides following the natural slopes, 

and reduced water pollutions, e.g. contouring. This 

could also be used as a complementary source of 

water, thus resulting in reduced water pumping and 

irrigation. 

Need to forecast the 

rotation and weak 

flexibility to adapt to 

fluctuating market 

opportunities 

Cultivation 

of crops in 

possibly 

narrow rows 

+ 

+ for crops grown in narrow rows, adjacent plants 

within the row are spaced farther apart and this may 

reduce within-row plant competition for water and 

nutrients. 

 

Mulching + 

+ for mulching, which similarly to catch crops allows 

continuing soil coverage, and thus low evaporation 

and N leaching. allows having reduced water needs 

as well as maintaining a good soil and water quality. 

 

Rotations 

- for spring 

crops and 

root crops 

 

+ for high 

soil cover 

index 

- for rotations with a high share of spring crops and 

root crops, especially monoculture, which result in 

reduced soil cover over the year, and more exposed 

soils to water erosion. 

+ for rotations with a high soil cover index, which 

result in less exposed soils to water erosion. 

Need to forecast the 

rotation and weak 

flexibility to adapt to 

fluctuating market 

opportunities 
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Table 4-8: Parameters influencing the impact of crop rotations on evaporation 

Parameter 

Impacts 

(++/+/=/-

/--) 

Comment Trade-off 

Crops soil 

cover index 
+/- 

+/- depending on crops, + for crops with a high 

soil cover index; including catch crops, in the 

period of intensive runoff. This reduces the losses 

of water. 

Need to forecast the rotation 

and weak flexibility to adapt 

to fluctuating market 

opportunities 

Agronomic 

operations to 

reduce 

evaporation 

+ 

+ for agronomic operations such as first 

ploughing then harrowing, which destroys the 

capillary structure at the surface of the soil and 

mitigate evaporation in the result. 

 

Planting rows 

of trees 
+ 

+ for planting rows of trees in areas with sandy 

soils mitigate circulation of the air, thus reducing 

evaporation and losses of water in adjacent 

crops. 

constraining practice, which 

immobilises a share of land 

Practices 

increasing 

SOM 

+ 
+ for practices increasing SOM (see Chapter 

4.4.1) 
 

Rotations +/- 

+ for rotations including a high share of winter 

crops, which use more likely water from soil, as 

well as farming practices providing higher soil 

cover in the spring and thus reducing 

evaporation. 

- for rotations including a low share of winter 

crops, and lower soil cover in the spring. 

Need to forecast the rotation 

and weak flexibility to adapt 

to fluctuating market 

opportunities 

 



108 
European Commission - DG ENV 

Environmental impacts of crop rotations in EU-27 

Annexes - Final Report 

September 2010 

 

Table 4-9: Parameters influencing the impact of crop rotations on irrigation 

Parameter 

Impacts 

(++/+/=/-

/--) 

Comment Trade-off 
References 

(impacts) 

Susceptibility 

of crop to 

water deficit 

+/- 

increased need for irrigation for crops susceptible to 

water deficit such as maize, peas or soybean 

reduced need of irrigation for crops less susceptible to 

water deficit like wheat, sorghum and sunflower. 

  
Amigues, 

2006 

Regional 

water 

availability 

+/- 

in regions where water deficit is moderate, irrigated 

crops are generally rotated with rainfed crops, e.g. 

potato and sugar beet are often irrigated in Northern 

France, while wheat and barley are managed as 

rainfed crops. 

    

Topographical 

and 

pedological 

situations 

+/- 

In Southern Europe, rainfed and irrigated systems are 

conducted on distinct topographical pedological 

situations: 

*in Southern France, irrigated maize is grown as 

monoculture in valleys and river terraces, sometimes 

with soybean and wheat as break crops; sunflower, 

sorghum, wheat and oilseed rape are grown on 

hillsides without irrigation (or limited at the most 

critical periods) 

*in Spain (Guadalquivir valley, Ebro valley, ...) maize 

is rotated with a wide variety of crops (fresh 

vegetables, cotton, ...) or forage (alfalfa); maize 

receives high water amounts (800-1000mm) in 

irrigated perimeters while winter cereals (mainly 

barley) and fallow are grown in rainfed conditions. 

    

Crop rotation +/- 

Crops differ by their water requirements for 

achieving maximal production, they also differ by 

their irrigation needs because their ability to extract 

water from soil and availability of water during the 

growing season are variable from a crop to another. 

*high needs of irrigation for water efficient crops, like 

potato, vegetables, grain maize, which are very 

sensible to water shortage 

*drought tolerant crops, like sorghum or sunflower, 

have efficient adaptive process and can adjust 

transpiration to water availability, and need reduced 

amounts of water when irrigated 

*escaping crops, like winter cereals, escape the 

summer drought periods in Europe, and are generally 

not irrigated. 

*some crops are excluded from cultivation in 

Southern Europe, if not irrigated, like maize. 

+ for legumes in crop rotations, which should be seen 

as a long-term adaptation to increased climatic 

variability, in particular in dryland systems, where the 

legumes improve soil structure and soil water holding 

capacity 

Need to 

forecast the 

rotation and 

weak 

flexibility to 

adapt to 

fluctuating 

market 

opportunities 

 

 

 

 

 

 

 

 

 

 

Stewart 

and 

Koohafkan, 

2004 
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5.  CLIMATE CHANGE 

There is increasing evidence that the world’s climate is changing and that the rate of change 

since the onset of the industrial revolution is greater than would be expected from natural 

variability alone.  

Key indicators of change such as increased mean temperatures, changes in patterns of 

precipitation, and extreme events are widely accepted to be due, at least in part, to the 

radiative-forcing effects of increased concentrations of atmospheric greenhouse gases (GHGs), 

exacerbated by land-use changes (Robertson et al., 2000). Carbon dioxide (CO2) is the principal 

GHG by virtue of its high atmospheric concentration, which is, at the present time about 365 

ppmv, having increased by 30 % since c. 1750. Methane (CH4) and nitrous oxide (N2O) are the 

two other main GHGs and have also increased over the same period 

It was estimated in the report of IPCC (2001a) that by 2100 global temperatures could increase 

by between 1.4 and 5.8°C, and that atmospheric CO2 concentrations could reach between 500 

and 900 ppmv.  

 

Figure 5-1: Projected impacts from climate change in different EU regions (Iglesias et. al, 2007) 

Figure 5-1 highlights some of the geographical variations in the anticipated effects in Europe. In 

general terms, vulnerability is greatest in the Mediterranean area and in Southern Europe 

(Schroter et al., 2005), because of summer heat and drought.  

Climate change-induced effects such as droughts are likely to be felt locally, whereas the effects 

of higher temperatures and enhanced atmospheric CO2 concentrations in situations where 

water is not the limiting resource, e.g. in Northern and northwest Europe, could be generally 

positive for agricultural production. 

Agriculture contributes to emissions of CO2 through its use of fossil fuels during cultivations 

(machinery), and indirectly through energy-intensive inputs, such as fertilisers (especially N), and 

farming practices, from a general perspective, such as conversion of grassland or peatlands into 

arable land, tillage practices, etc (Hopkins and Del Prado, 2007). As CH4 and N2O have a much 
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greater radiative-forcing potential than CO2, there is now increasing pressure to curb their 

emissions in agriculture. 

5.1. IMPACTS OF CLIMATE CHANGE ON CROP PRODUCTION 

Potential positive impacts of climate change on agriculture in general are related to longer 

growing seasons and new cropping opportunities in Northern Europe, and increased 

photosynthesis and CO2 fertilisation throughout Europe. These possible benefits are 

counterbalanced by potentially negative impacts that include increased water demand and 

periods of water deficit, increased pesticide requirements and crop damage, and fewer cropping 

opportunities in some regions in Southern Europe (Olesen and Bindi, 2002; Chmielewski et al., 

2004; Maracchi et al., 2005; Porter and Semenov, 2005). In general, changes in atmospheric CO2 

levels and increases in temperature are changing the quality and composition of crops and 

grasslands and also the range of native/alien pests and diseases.  

Lavalle et al (2009) identified 4 main impacts of climate change on agricultural crops according 

to current trends and future scenarios: 

• change of the length of the growing season for agricultural crops: (i) a longer 

growing season increases crop yields and insect populations and favours the 

introduction of new species in areas that were not previously suitable for these 

species (Northern latitudes), (ii) at Southern latitudes, the trend is towards a 

shortening of the growing season, with consequent higher risk of frost damage 

from delayed spring frosts. 

• change of the agrophenology: (i) flowering and maturity of several species in 

Europe now occurs two or three weeks earlier than in the past; (ii) the 

shortening of the phenological phases is expected with temperature increasing ; 

(iii) adaptations of farm practices (earlier sowing dates, late-maturing cultivars) 

may be crucial to reduce or avoid negative impacts of crop-rotation shortening. 

• increase of crop yield variability: (i) events such as 2003 summer heating are 

projected to increase in frequency and magnitude, and crop yields may become 

more variable ; (ii) changes in farming practices and land management can act 

as risk-mitigating measures. 

• more water requirement: (i) significant increase in water demand (50–70%) 

occurred mainly in Mediterranean areas; (ii) an increase in the demand for 

water in agriculture is generally depicted ; (iii) natural resources for irrigation 

(groundwater, snowfall) could be less available in the next future because of 

public regulation, cost or scarcity. 

So far, research on climate change impacts in agriculture has given little emphasis on changes in 

frequency of extreme events. However, the impacts of increased climate variability on plant 

production are likely to increase yield losses above those estimated from changes in mean 

climate only (Porter and Semenov, 2005). This is primarily linked with changes in the frequency 

of extreme heat waves and changes in rainfall patterns, including more intensive precipitation 

events and longer drought periods.  
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5.2. IMPACTS OF CERTAIN CROP ROTATIONS ON CLIMATE CHANGE 

Table 5-1: Impacts of certain crop rotations on climate change 

Types of impacting 

crop rotations 

Impacted aspects of the climate 

change 

(++/+/=/-/--) 

Comment 

 Increasing C 

sequestration 

Decreasing 

N20 

emissions 

Adaptation 

to water 

shortage 

 

monoculture of maize ++ - -- 

� Positive on C sequestration due to high residue 

amount (lower in silage maize, enforced with 

catch crop application) 

� High N fertilisation increases N2O emissions 

� High water consumption in zones threatened by 

draughts in the future 

[oilseed rape/wheat] 

or 

[oilseed rape/wheat/ 

barley] 

+ -(-) ++ 

� High N2O missions due to high demand in N 

fertilisation (can be limited by winter coverage) 

� Not dependent on irrigation 

[maize/wheat] or 

[wheat/maize/wheat] 
+ - = 

� Neutral impact on climate change aspects 

[sunflower/wheat] or 

[sunflower/durum 

wheat] 

= = + 

� Adapted for zones with limited water availability 

(balanced water uptake of plants) 

� Neutral effect on climate change aspects due to 

high amonts of CO2 built in the plants and low 

level of N fertilisation 

[legumes/wheat/other 

cereal] 
= = + 

� Rotations with legume crops have neutral effect 

on N2O emissions as no N fertiliser is applied 

� Neutral or positive effect on water use due to 

balanced water uptake and no need for irrigation 

[potatoes/spring 

barley/winter 

wheat/triticale] 

= = - 

�  

[sugar beet/spring 

barley/oilseed 

rape/winter 

wheat/winter wheat] 

+ - = 

�  

[sugar beet/ 

cereal (1 or 2 years)/ 

potatoes/ 

cereal (1 or 2 years)] 

= - - 

� presence of potato in the rotation makes the 

system more demanding in water, therefore 

having a negative effect on water use 

[temporary grasslands 

(2 years)/barley/ 

winter wheat/maize 

silage/barley] 

+ = = 

�  

beneficial 

crop rotations 

Cereals + 

forage crops 

+ catch crops 

Rotations 

with 

legumes 

Winter 

crops 

� CO2 sequestration can be beneficially limited 

with a rotation of Cereals/ forage crops /catch 

crops 

� Rotations with legumes in general have a 

beneficial effect as for N2O emissions 

� high percentage of winter crops in the rotation 

contributes to the optimisation of water use 

from the soil 
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Table 5-2: Linkages between the environmental effects, crop rotations and farming practices 

Impacted aspect 

of the climate 

change 

Example of impacting crop rotations Critical farming practices in 

the impacting crop 

rotations 

 (+) positive 

impact  

(=) neutral 

impact 

(-) negative 

impact 

 

C sequestration Continuous 

grain maize 

with residue 

incorporation  

Sunflower-

wheat 

Continuous 

forage crops (incl 

silage maize) 

Soil tillage, residue 

management, irrigation, 

NP fertilization 

N20 emission Rotations 

with legumes 

Sunflower-

wheat 

Oilseed Rape-

wheat 

N fertilization (mineral, 

organic) 

Water resource Sunflower-

wheat 

Maize-

wheat 

Continuous 

maize (irrigated) 

Irrigation, variety choice 

5.3. PARAMETERS INFLUENCING THE IMPACT OF CROP ROTATIONS ON 

CLIMATE CHANGE 

Table 5-3: Parameters influencing the impacts of crop rotations on CO2 emissions 

Parameter 
Impacts 

(++/+/=/-/--) 
Comment Trade-off 

References 

(impacts) 

Intensity of 

farming 
- 

-for intensive farming practices and cropping 

frequencies (with reduced bare fallow time), which 

result in high uses of machinery and fertilisation, 

impacting emissions of CO2 

+ for the speed of SOC gain in intensive farming 

areas, SOC accumulation in response to changes in 

agricultural management is likely to be greatest on 

lands with a history of intensive cultivation, because 

soils that have lost the most C stand to gain the 

greatest  

Intensive farming 

results from the 

need to ensure 

high yields, useful 

to nourish 

populations and 

animals, and to 

perform 

profitable 

agriculture 

Hutchinson et 

al., 2007 

 

Johnson et al. 

1995 

Catch crops 

and green 

manure 

+/- 

depending 

on timing 

incorporatio

n 

inorganic and organic fertilisation as well as crop 

residues management 

'+ for catch crops, which help soil return to soils and 

contribute to adaptation to CC by reducing nitrate 

leaching of arable cropping systems under warmer and 

wetter winters in Northern Europe 

- for catch crops if timing of incorporation is not well 

timed, due to evaporation which can also reduce soil 

water shortage 

+ for catch crops in dry climates, which mitigate total 

GHGs by 0.39 t CO2-eq. ha-1 yr-1, comprising an 

increase in SOC of 0.29 t CO2-eq. ha-1 yr-1 

+ for catch crops in moist climates, the figures were 

0.98 t CO2-eq. ha-1 yr-1, comprising an increase in SOC 

of 0.88 t CO2-eq. ha-1 yr-1 

Green manure 

needs to be 

available on farm 

or next to the 

farm 

Flynn, 2009 

Freibauer, 2004 

Thomsen and 

Christiensen, 

2004 

Olesen, 2004 

Robinson, 1996 

Crop 

rotation 

complexity 

= 

+ 

 

= for modifying the rotation complexity 

+ for rotation tilled maize–wheat–soybean compared 

with maize monoculture, however the food yield 

(calories) is 4 to 5 times lower 

+ for rotations including a sequence of legume, by 

reducing N requirements and N fertilisers uses, this 

results in a reduction of net fossil fuel requirements 

and the C cost of manufacturing N fertilisers 

+ for diversified crop rotations, Diversifying a maize 

rotation with soybean and wheat underseeded with 

Need to forecast 

the rotation and 

weak flexibility to 

adapt to 

fluctuating 

market 

opportunities 

West and Post, 

2002; Clapp, 

2000; Johnson, 

1995 

Adviento-Borbe, 

2007 

Thomas, 2008 

 

 

Meyer-Aurich, 
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Parameter 
Impacts 

(++/+/=/-/--) 
Comment Trade-off 

References 

(impacts) 

red clover resulted in a mitigation of about 1300 kg 

CO2 eq ha_1 GHG compared to continuous maize. 

Integration of alfalfa into a maize rotation can mitigate 

more than 2000 kg CO2 eq ha_1 per year. In this study, 

rotation had a much bigger effect on the mitigation 

potential of GHG emissions than tillage. 

2006 

Rotation 

species 

selection 

+ 

 

 

++ 

 

 

 

 

 

+/- 

+ from a general perspective, all crop rotations 

provide net GHG sinks and matter for carbon 

sequestration at the field scale under contrasting 

climate conditions 

++ for crop rotations including: more forage crops, 

less continuous two-course rotations of row crops, 

more winter cereals (reduced number of tillage 

operations, less nitrate leaching, higher N uptake by 

next crop), elimination of summer fallow (less erosion, 

less decomposition), winter cover crops (e.g. rye 

included in continuous maize or between a winter and 

a spring cereal…): intermediate crops often increase 

the productivity of 2-course crop rotation. 

+/- depending on the soil type, crops produced, 

farming operations, and how the crop residue is 

managed 

Need to forecast 

the rotation and 

weak flexibility to 

adapt to 

fluctuating 

market 

opportunities 

Adler, 2007 

Persson et al., 

2008; Meyer-

Aurich et al., 

2006; Yang and 

Kay, 2001 

Legumes/ 

Crops N 

requiremen

ts 

- 

+ 

 

 

+ 

- for crops using high N fertilisation 

+ for crops with low N fertilisation requirements: 

adding legumes / N fixing crops to rotation or 

undersowing help reduce N fertilisation and indirect 

emissions of CO2 related to pesticide applications 

+ for rotations using catch crops, which catch extra N 

of the preceding crops and therefore reduce emissions 

of N2O; the introduction of legumes (soybean, alfalfa, 

red clover) into maize-based cropping systems 

provided multiple benefits, including higher yields, 

cost savings, C sequestration and the mitigation of 

GHGs 

  

Snyder, 2009 

Olesen, 2004 

Robinson, 1996 

Nemecek, 2008 

Meyer-Aurich, 

2006 

Crop 

residue 

managemen

t 

+ 

+ for efficient crop residue management, which 

participate in C storage and therefore reduced CO2 

release, e.g. cereal crops with straw return increase 

SOC whereas maize silage, potatoes and sugar beet 

decrease C stock.  

+ for perennial grasses or legumes in rotation, which 

permit the return of large amounts of crop residues to 

the soil can potentially increase SOC, thus increasing 

the likelihood for sequestering atmospheric CO2 ; 

though this may result in reduced yields for the 

following cereal, and more interesting for sub-humid 

regions 

Crop residues also 

result from high 

yields with high 

inputs needs and 

leakage 

Hutchinson et 

al., 2007 

 

Desjardins et al, 

2007 

 

Campbelle, 

1990 

Organic 

admendme

nts 

+ 

+ for the use of organic amendments, which increase 

soil organic carbon, in a range of climatic and 

agricultural systems in Europe 

  
Ogle, 2005 

Arrouays, 2002 

Land use 

change 
- 

- for land use changes such as conversion of 

grasslands or peatlands into arable land 
  

Hopkins and Del 

Prado, 2007 

Change in 

Soil organic 

Carbon 

-- 
-- for the change in SOC, which is the factor with the 

largest influence on Global Warming Potential (GWP) 
  Robertson, 2000 

Crops water 

needs 
+/- 

- for crops requiring high water needs, including 

irrigation 

Need to forecast 

the rotation and 
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Parameter 
Impacts 

(++/+/=/-/--) 
Comment Trade-off 

References 

(impacts) 

+ for crops grown under rainfed management weak flexibility to 

adapt to 

fluctuating 

market 

opportunities 

Amount of 

biotic 

enemies 

+/- + for robust crops, which have limited biotic enemies     

Machinery 

use 
- 

- for use of machinery and fuel use induced, which 

contribute to CO2 release and increase of global 

warming 

    

Tillage 

- 

 

 

+ 

- for intense and frequent tillage, which results in 

machinery and fuel use, and CO2 release; further root 

systems become sensible and less efficient in water 

subtraction 

+ for no-tillage systems, which gain the most soil 

carbon and has the smallest emissions of GWP, with 

the soil being a N sink.  

- for conventionally tilled maize, where N fertiliser 

increased the return of crop residue to the soil 

without increasing soil respiration rates and CO2 

emissions. 

No tillage leads to 

mulch creation, 

with increased 

parasites amounts 

and more 

complex sewing 

Tillage leads to 

depletion of soil 

structure and 

superficial 

earthworms 

populations 

Robertson, 2000 

 

Gaiser, 2009 

 

Halvorson et al., 

2008 
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Table 5-4: Parameters influencing the impacts of crop rotations on N2O emissions 

Parameter 

Impacts 

(++/+/=/-/-

-) 

Comment Trade-off 
References 

(impacts) 

Catch crops + 
+ for catch crops, which decreased N2O 

emissions of 0.1 t CO2-eq. ha-1 yr-1 
  

Velthof and 

Kuikman, 

2000 in Flynn 

et al., 2007 

Carter, 2009 

Green 

manure 
- 

- for green manure, which increases N2O 

emissions of wheat in organic farming 

systems, while reduced by watch crops 

Green manure 

needs to be 

available on farm 

or next to the 

farm 

Carter, 2009 

Crops N 

requirements 

- 

+ 

 

+ 

- for crops using high N fertilisation 

+ for crops with low N fertilisation 

requirements: adding legumes / N fixing 

crops to rotation or undersowing help 

reduce N fertilisation and indirect emissions 

of N2O related 

+ for rotations using catch crops, which 

catch extra N of the preceding crops and 

therefore reduce emissions of N2O 

- if savings from lower fertiliser applications 

are ignored and only emissions from 

unfertilised crops are taken into account 

Need to forecast 

the rotation and 

weak flexibility to 

adapt to 

fluctuating 

market 

opportunities 

Snyder, 2009 

Olesen, 2004 

 

Robinson, 

1996 

 

Mosier et al., 

2006 

Use of N-

fixing crops 

+ first year, 

then - 

+ in the short term, then -; The apparent N 

input from the previous year of soybean 

production, in a no-till maize–soybean 

rotation, raised background N2O emissions 

(i.e., those occurring when maize is grown 

without N fertiliser) by approximately 90% 

compared to conventional tilled continuous 

maize, and more than 300% compared to 

no-till continuous maize 

  
Mosier et al., 

2006 

Table 5-5: Adaptation to water stress and high temperature (crop level) 

CO2 N2O Water resource limited 

(South) 

Water resource 

available (North) 

 -Productive crops (residues) 

- Long season crops, C4 crops 

- Forage crops, grasslands 

- No tillage  

- Rotations with limited 

periods of unproductive 

covers 

- Low-input crops (low N 

rates) 

- Legumes (unfertilized)  

- Winter covering to limit 

N leaching (catch crops) 

- Rotations with limited 

periods of bare soil 

Winter crops, early 

sowing, early cultivars… 

Drought tolerant (crops 

and cultivars) 

Diversification (climatic 

risk) 

No-tillage (water 

economy) 

Develop irrigation 

for spring crops 

(maize) 

Introduction of 

new crops (South) 

Diversification 
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5.4. TWO CASE-STUDIES FROM THE LITERATURE 

5. 4. 1. GERMANY 

In this study (Gaiser, 2009), the simulation of carbon sequestration has been carried out using 

the Environmental Policy Integrated Climate (EPIC) model. Carbon sequestration was in the 

range of 0.13–0.37 Mg C ha−1 yr-1 under conventional tillage with no clear differences between 

the rotations considered in this paper. However, in an assumed extensive clover–winter cereal 

rotation, carbon sequestration would be more than doubled, even with conventional tillage. 

Under zero-tillage, simulated carbon sequestration was generally much higher and was 

estimated to reach 0.83 Mg ha−1 yr-1 in a winter cereal–spring cereal–rape rotation. C 

sequestration seems to be highest when winter cereals are grown in alternation with spring 

cereals or with rape. Lowest sequestration rates were associated with crop rotations which 

include maize as maize silage.  

The difference in organic C content between the conventional and zero-tillage treatment was 

called the net CO2-mitigation rate. The increase of soil organic C stocks under zero-tillage 

compared to conventional tillage had been demonstrated in various medium to long-term field 

studies over different climate zones and cropping systems and range between 0.33 and 0.71Mg 

C ha−1 yr-1 depending on soil type and crop management. However, in some field experiments no 

effects of zero-tillage on C sequestration had been detected.  

In the simulation results, the highest net CO2-mitigation rate was found with the winter cereals–

spring cereal–rape rotation amounting to 0.48 C ha−1 yr-1. Lowest calculated net CO2 mitigation 

rates were associated with the rotations which include maize silage. This can be explained in the 

case of maize silage by the fact that almost no above ground biomass was left in the field after 

the harvest. When single crops were simulated, the ranking with respect to the net CO2-

mitigation rates was winter cereals, rape, sugar beets, spring cereals and maize silage with 0.70, 

0.63, 0.35, 0.23 and 0.20 Mg C ha−1 yr-1 respectively. The efficiency of the crop rotations was 

strongly related to the total carbon input and in particular the amount of crop residues. 

 

Figure 5-2: inorganic and organic fertilization as well as crop residue management as applied in the 

simulations for different crops 
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Figure 5-3: Rotation specific net carbon sequestration rates in Mg C per ha for conventional and zero-

tillage averaged over a simulation period of 30 years
19

 

Winter Wheat (WW) – Spring wheat (SW) – Winter Oilseed Rape  

SILC (Silage maize) – CLOV (Red clover) – SBET (Sugar beet) 

The net mitigation rates were all significantly different from each other. If the net CO2-mitigation 

rates were plotted against the total carbon inputs per year (crop residues and organic manure), 

there was clear relationship between inputs and carbon sequestration with conversion efficiency 

between 8% and 17% depending on the amount of carbon input. 

High conversion rates in this order of magnitude correspond to the initial stage of the tillage 

changes when soil organic carbon content is far from the equilibrium level. When comparing 

different cropping systems, Duiker and Lal (1999) observed also a linear relationship between 

the amount of crop residues and organic carbon content and a conversion efficiency of the zero-

tillage treatment of 10%. The results demonstrate that, besides shifting from conventional tillage 

to zero-tillage practices, there is a significant potential for CO2 mitigation through the selection 

of adequate crop rotations. 

If it was assumed that the clover–clover–winter cereal rotation would be extended to the entire 

arable land in the state of Baden-Württemberg, a total of 466 Gg C could be sequestered per 

year under conventional tillage, which would be almost twice the amount estimated for the shift 

from conventional to zero-tillage. In zero-tillage systems, the CO2-mitigation rate for the shift 

from the currently applied crop rotations to the clover–winter cereal rotation would be lower, 

but is still estimated to amount 390 Gg C yr-1. However, a shift from cereal based to legume-

based rotations requires a drastic change in the price ratio between cereals and beef products or 

the subsidizing of organic farming systems, which are essentially legume based.  

CO2-mitigation rates are depending on crop rotation and soil type. The crop rotation specific 

mitigation rate of zero-tillage compared to conventional ploughing mainly depended on the 

amount of carbon input by the rotation which in turn depends in the first place on the amount 

and management of crop residues and in the second place on the amount of organic manures. 

                                                           
19

 Gayser et al. 2009 
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The highest mitigation potential in Baden-Württemberg was attributed to winter cereals and 

rape due to the high amount of crop residues left in the field.  

5. 4. 2. DENMARK 

Olesen et al. (2004) used the DAISY soil–plant–atmosphere model to simulate crop production 

and soil carbon (C) and nitrogen (N) turnover for three arable crop rotations on a loamy sand in 

Denmark under varying temperature, rainfall, atmospheric CO2 concentration and N fertilization.  

The crop rotations varied in proportion of spring sown crops and use of N catch crops (ryegrass):  

• n°1: Winter Barley - Winter Rape - Winter Wheat - Summer Barley 

• n°2: Summer Barley – Summer Rape - Winter Wheat - Summer Barley 

• n°3: rotation n°2 with catch crops 

The effects on CO2 emissions were estimated from simulated changes in soil C. The effects on 

N2O emissions were estimated using the IPCC methodology from simulated amounts of N in crop 

residues and N leaching. The use of the model increased the soil C and N turnover in the topsoil 

under baseline conditions, resulting in an increase in crop N uptake of 11 kg N ha–1 y–1 in a crop 

rotation with winter cereals and a reduction of 16 kg N ha–1 y–1 in a crop rotation with spring 

cereals and catch crops. Higher temperature and rainfall increased N leaching in all crop 

rotations, whereas effects on N in crop residues depended on use of catch crops. The total 

greenhouse gas (GHG) emission increased with increasing temperature. The increase in total 

GHG emission was 66–234 kg CO2-eq ha–1 y–1 for a temperature increase of 4°C. Higher rainfall 

increased total GHG emissions most in the winter cereal dominated rotation. An increase in 

rainfall of 20% increased total GHG emissions by 11–53 kg CO2-eq ha–1 y–1, and a 50% increase in 

atmospheric CO2 concentration decreased emissions by 180–269 kg CO2-eq ha–1 y–1. The net 

effect of a combined climate change of +4 °C, +20% rainfall, and +50% CO2 depended strongly on 

crop rotation, with a 2 % increase of total GHG emissions in the crop rotation with winter cereals 

and a reduction of 28% for the crop rotation with spring cereals and catch crops. 

The total GHG emissions increased considerably with increasing N fertiliser rate for a crop 

rotation with winter cereals, but remained unchanged for a crop rotation with spring cereals and 

catch crops. The simulated increase in GHG emissions with global warming can be effectively 

mitigated by including more spring cereals and catch crops in the rotation. 

Crop rotations may therefore be an effective measure in adaptation and mitigation to climate 

change. This requires that effects of both N2O and CO2 emissions are integrated into the measure 

of GHG emissions. The model did not include a dynamic simulation of N2O emissions, and further 

studies on the effects of climate change on soil N turnover and N losses are needed, including 

validation of deterministic models of these processes. 
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Table 5-6: Economic impacts of crop rotations vs. monoculture 

Types of impacting crop 

rotations 

Variation in the economic impacts 

(++/+/=/-/--) 

PROFITABILITY 

(I-C) 

INCOME (I) COSTS (C) 

Level Variability 

Fixed costs 
Variable 

costs 

Machinery Infrastructure 
External 

inputs 

[oilseed rape/wheat] or 

[oilseed 

rape/wheat/barley] 

 vs. continuous oilseed 

rape 

- + = unknown + +/- 

[maize/wheat] or 

[wheat/maize/wheat] 

vs. continuous maize  

- + = unknown + +/- 

[sunflower/wheat] or 

[sunflower/durum wheat] 
SUNFLOWER MONOCULTURE VERY RARE 

[legumes/wheat/other 

cereal] vs. wheat 
- +/= = -/= + -/= 

[potatoes/spring 

barley/winter 

wheat/triticale] 

vs. continuous potatoes (or 

potatoes in shortened 

rotations) 

-/= + =/- unknown + +/= 

[sugar beet/spring 

barley/oilseed rape/winter 

wheat/winter wheat] vs. 

sugar beet short rotations 

-- + = = + - 

[sugar beet/cereal (1 or 2 

years)/potatoes/cereal (1 

or 2 years)] vs. sugar beet 

short rotations 

-- + = = + - 

[sugar beet/cereal (1 or 2 

years)/potatoes/cereal (1 

or 2 years)] vs. continuous 

potatoes (or potatoes in 

shortened rotations) 

-/= + =/- unknown + +/= 

Rye based rotations vs. 

continuous rye (on poor 

soils) 

+ + = unknown + + 

Wheat based rotations vs. 

continuous wheat 
+ - - unknown - + 

* Understand: assessment of crop rotations compared to monoculture (i.e. differential impact) 

Note: A “-“ sign (respectively a “+”) means that the input cost is lower (respectively higher) for rotation 

compared to monoculture. 
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1.  CAP FIRST PILLAR 

1.1. COMPLEMENTARY DETAILS 

The CAP reform of 2003 established new common rules in the direct support schemes for 

farmers with Regulation N° 1782/2003 (repealed by Regulation 73/2009 as from 2009). This 

reform implemented the decoupling of payments, in order to ensure more freedom in the 

agricultural market, so that the market would adapt better to consumer demand and adopt a 

more entrepreneurial approach. The CAP reform of 2003 had the major objective of decoupling 

subsidies from production, i.e. the level of subsidies received by a farmer was no longer linked to 

the production but to the history of subsidies received in the past. Member States had 3 main 

options in how they calculate payments. Possibilities include a static calculation (the amount of 

money the farmers receive depend on historical references from period 2000-2002), a flat rate 

(the amount of aid is calculated on a regional basis), and a mixed calculation system (depending 

on the agricultural sector, farm or regional references are taken into account into subsidies 

calculations).  

With decoupling measures, payments for arable crops (cereals, protein, oilseed and root crops), 

beef, sheep and grain legumes are no longer linked to production quantity. However, some 

productions such as cereals, milk and beef remain partially coupled, in order to avoid 

abandonment of production in some areas20. In 2004, the reform was extended to tobacco, hop, 

cotton and olive oil: price support and overall quotas were progressively reduced following the 

market policy revision of the CAP. Since 2005, decoupling also applies to milk and dairy products, 

with gradually reduced intervention prices. In compensation, farmers directly receive a “single 

payment”. Under the 2003 CAP Reform, the full granting of direct payments and some rural 

development payments are subject to the respect of cross-compliance. 

1.2. SUGAR BEET REFORM 

The EU reform on sugar regime, implying cuts in prices of sugar beets and reduced quotas of 

sugar beets at the farm level, led to a reduction of sugar beet areas by 30% in the EU between 

2000 and 2008, with a significant decrease starting from 2005 (Figure 1-1). Farmers had actually 

a limited number of strategies to adapt to the reform because sugar beets are usually a highly 

profitable crop. For example, alternative solutions may comprise i.e. sell the produced sugar 

beets for other purposes than sugar production (other value chain) or reduce/suppress the share 

of sugar beets in the crop rotations and cease their cultivation for another profitable crop. But 

the opportunities to insert new profitable crops are limited. In Ireland for example, dedicating 

sugar beets to the bio-ethanol production was actually not compensating the consistent 

production costs and winter wheat appeared the only alternative crop with a satisfying if not 

better gross margin (Chaplin, H., and Matthews, A., 2005).  

                                                           
20

 Since 2009 with the Health Check of the CAP reform, support has become fully decoupled. 
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Figure 1-1: Production areas of rapeseed, peas and sugar beet (Eurostat, 2008) 

For farmers ceasing the growing of sugar beets, crops grown in place of sugar beets such as 

winter cereals, potatoes and peas diversify the rotations and impact the environment in 

different ways. The overall environmental benefits of those alternative crops would be 

nevertheless lower than those of sugar beets, given the interesting specific pest/diseases 

features of sugar beets (Cambridge University/Royal College, 2005). As shown in Figure 1-1, 

rotations including sugar beets compared with similar rotations with winter cereals or potatoes 

have more beneficial impacts on biodiversity, water quality and landscape. Moreover, a study 

from the UK government established that sugar beets are a good break crop in rotations, 

because its host pests and diseases generally differ from those of combinable crops (House of 

LordsUK Parliament, 2005)21. Therefore, according to this study, their cultivation should reduce 

diseases/pests risks as well as the use of pesticides. On the other hand, sugar beet has 

detrimental impacts on soil tare and erosion, being is responsible for the loss of about 3 million 

tons of soil per year in the EU (WWF, 2004)22. 

1.3. REFORMS EFFECTS ON THE PROTEIN CROPS SECTOR 

In 2003, an aid of about 55€/ha, additional to SPS and subject to the Maximum Guaranteed 

Areas (MGAs) for payments, was introduced for protein crops (peas, field beans and lupins are 

the main cultivated protein crops, i.e legumes) in order to increase the production of protein-

rich crops and reduce the reliance on imported feed. However, protein crops cultivation area as 

well as the amount of crop rotations including protein crops, have decreased by 25% since 2000, 

and represented only 1.5% of total EU-COP crops (Cereals, Oilseeds and Proteins crops) in 2008, 

with 1.02 million ha. This area being smaller than the MGA for which farmers receive payments, 

the measure does not impact the production of protein crops as a whole; it means that the 

measure has a limited impact on crop rotations in EU. Field peas areas have actually decreased 

by 24% after the reform, whereas field beans areas and sweet lupins areas rose by respectively 

8% and 18%. This difference is explained by higher risks in production (mainly yields volatility) 

resulting from the cultivation of field peas compared to other crops.  

                                                           
21, 

UK, 2002, Sugar Beet and the Environment in the UK, Report by the United Kingdom in accordance with Article 

47(3) of Council Regulation 1260/2001, on the environmental situation of agricultural production in the sugar sector
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1.4. REFORMS EFFECTS ON ENERGY CROPS 

In 2004, an aid of 45€/ha for energy crops was introduced, additionally to SPS and coexisting 

with the non-food set-aside scheme. The scheme mainly aimed to produce bio-fuels and electric 

or thermal energy from biomass. Many crops grown for energy purposes (e.g. permanent, 

multiannual crops) as well as sugar beets since 2007 were eligible as energy crops. This initiative 

is linked with the EU energy policy; in 2007 the EU agreed on a long-term strategy. Contrary to 

the scheme for protein crops, the scheme for energy crops led to an increase in the areas under 

subsidised crops. MGA has been set to 1.5 million ha and indeed the area effectively cultivated 

was higher than the maximum under aids: 2.84 million hectares were effectively cultivated in 

2007 (Eurostat, 2008), and rape seed production increased of about +50% between 2000 and 

2008. Energy crops have thus been integrated in crop rotations.  

1.5. REFORMS EFFECTS ON TOBACCO 

A strong reduction of 30% in tobacco cultivation areas was observed between 2000 and 2006, as 

a consequence of the decoupled payments for tobacco production (UNITAB, 2007). Greece and 

Italy, to a lesser extent Bulgaria, account for the main tobacco producing countries in EU. The 

reform induced a restructuration of tobacco crop farming: reducing cultivated area led to 

decreasing agricultural employment in the sector, and only the most competitive and specialised 

farms remained. This partly results from difficulties for tobacco-growing farms to find alternative 

crops to tobacco (Bittner et al, 2009) and insert tobacco in diversified crop rotations due to the 

high level of profitability of tobacco (FAO, 2003). Diversification possibilities are actually limited 

due to agronomical factors: tobacco is generally cultivated on poor soils and under adverse 

climate conditions, and due to social factors, farm holdings growing tobacco being usually very 

small, with circa 1.5 ha in 2007 (UNITAB, 2007). Finally, high production costs of tobacco, as a 

labour-intensive crop, are not compensated by decoupled payments (UNITAB, 2007). 

1.6. GAPS AND RECOMMENDATIONS 

The decoupling measure, whereby payments became independent from production, had 

territorial effects. Trends from EUROSTAT data and model simulations showed a real but limited 

decrease in all decoupled productions and the abandonment of marginal lands, which in turn 

impacted the crop rotations, resulting in higher rates of fodder crops and lower rates of silage 

maize in the crop rotations.  

The crop productions, and thus crop rotations occur at the local level, and appear  to be an 

end result of the competitiveness of regions and consumers localisation in EU regions (Aubert et 

al., 2009). Giving more importance to the spatial dimension of agriculture in research projects 

and policies under the CAP would probably help in the comprehension and efficiency of the 

political decisions (Aubert et al., 2009), and thus work in favour of more heterogeneous crop 

rotations locally. 

The Health Check of the CAP reform in 2008 responded to the need for a simplified payments 

scheme and for better reactions to the new market opportunities; however this could also lead 

                                                                                                                                                                             
22 

WWF, 2004, Sugar and the environment, Encouraging Better Management Practices in sugar production, global 

freshwater programme  
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to simplified crop rotations pushing production towards a limited number of crops with the most 

competitive prices on the market. 
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2.  CROSS-COMPLIANCE UNDER THE 2003 CAP REFORM AND 
2008 HEALTH CHECK 

2.1. COMPLEMENTS 

Mandatory cross-compliance was one of the major changes introduced in the 2003 CAP reform. 

This mechanism specifies that the full granting of decoupled direct aids and of certain rural 

development payments depend on the respect of requirements regarding the environment, 

animal welfare, animal, plant and public health. In 2008, cross-compliance was revised during 

the Health Check of the CAP reform, leading to the following changes implemented through 

Regulation 73/2009: 

• Annex II to the Regulation gives the list of 18 Statutory Management 

Requirements, including specific requirements on the Environment (mainly 

pollution of water and soil by pesticides and fertilisers, on which crop rotations 

also have an impact). 

• Annex III contains the list of issues and standards of Good Agricultural and 

Environmental condition. The issue of water protection and management was 

added, with two new standards. In addition, a distinction was made between 

compulsory and optional standards. For example, the standard on crop 

rotations became optional after the Health Check, except for those Member 

States which had defined it before 1 January 2009 or apply national rules 

addressing this standard. 

2.2. GAPS AND RECOMMENDATIONS 

Even if standards specific to crop rotations are relatively rare in most Member States, some of 

the defined GAEC standards with the objective of soil organic matter maintenance provide 

significant benefits to increase soil organic matter and encourage crop rotations. In general, 

GAEC standards form part of a robust mechanism of good agricultural practice. If a more 

nuanced and targeted approach is needed, possibly to be fine-tuned via expert advice, rotation 

measures may be supported under rural development programmes. 
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3.  THE SET-ASIDE OBLIGATIONS 

In 2006-2007, more than 3.7 million ha of land were registered as “set-aside” in EU-15, i.e. 

2.65% of EU-15 UAA according to ANNEX IV - Table 3-1. France, Germany and Spain had the 

most important set-aside areas, with respectively 1.1 million ha, 784,000 ha and 675,000 ha 

(EUROSTAT, 2006). The UK, with 352 000 ha under set- aside, and Italy with 238,000 ha had 

close allocated set-aside surfaces. However, these countries also have large UAA, and set-aside 

areas reach the average share of other MS, i.e. between 0.6 and 5.6% of UAA (see Table 3-1).  

Table 3-1: Areas of land under set-aside and including industrial crops in 2006-2007 (Eurostat Cereals 

Balance Sheet Marketing Year 2006) 

 

3.1. ENVIRONMENTAL IMPACTS OF SETTING FIELDS ASIDE 

Whilst the main motivation for set-aside was the control of cereal production, the scheme has 

generated significant environmental benefits detailed in the following, as set-aside mainly 

encourage: 

• Reductions in diffuse pollution: set-aside lands can contribute to the 

improvement in the ecological and chemical status of waters required by 

the Water framework Directive. Reduced inputs on set-aside leads to 

reduced diffuse pollution in general as no artificial fertilisers are allowed 

and pesticides are also used in limited quantities. 

• Wildlife and habitats preservation, for e.g. nesting habitats, field margins 

hedgerows, strips: since the 1960s, with intensifying agriculture, field sizes 

increased with the removal of hedgerows and small woodlands areas, but 

consequently were accompanied with a loss of wildlife (Artis and Nixson, 

2007). Set-aside implementation partly compensated for it and increased 

biodiversity and wildlife habitats. 

- Most research is done on birds 

- Naturally regenerated set-aside is good for breeding birds 

- Grass sown have less benefit unless mix 

- Strips in margins protect hedges and may be sown with bird mix 
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Also, as an effect of the reduction of pesticides on set-aside areas in the UK (Figure 3-1), 

important improvements regarding regenerated diversity in plants and insects communities for 

example were reported (DEFRA Agriculture Change and Environment Observatory -ACEO, 2006). 

Treated areas of wheat and rape can attain values of more than 100%, because they can be 

spread several times in a cultivation year (100% corresponds to one spreading). As expected, 

other figures show that set-asides cultivated with industrial crops receive more pesticides 

amounts than non-rotational. 

 

Figure 3-1: Use of pesticides on set-aside fields, compared to the use made on conventional crops in UK 

*(rape and wheat) (DEFRA ACEO, 2006) 

* 100% corresponds to one spreading 

Differentiating rotational and non-rotational, notably in relation to the frequency of cutting, 

appears to be of importance, as bird species have preferences for one or another. Farmland 

birds benefit the most from rotational set-aside using stubbles and natural regeneration (IEEP, 

2008). Species diversity and the abundances of skylark, meadow pipit and woodpigeon were 

significantly greater in set-aside sites of Ireland (Bracken and Bolger 2006). At the same time, set 

aside lands as habitats are more likely to attract birds, as shown in a 2003 study evaluating the 

agronomical and environmental costs and benefits of set-aside in England. All groups of birds 

studied were found least on winter cereals, and most were found preferentially on rotational 

set-aside. Set-aside (especially rotational) provides potentially suitable habitats for breeding 

birds (Firbank et al., 2003). Besides the benefits to biodiversity, there are positive effects on 

water quality from reduced inputs of fertilisers and pesticides compared to arable crop 

production. In addition, the positive effects on soil quality of permanent set-aside are clear, due 

to reduced inputs and reduced risks of soil compaction and soil erosion. The effects of rotational 

set-aside on soil erosion are less clear-cut. In any case, overall environmental benefits of set-

aside depend largely on the management practices applied to the set-aside land (e.g. herbicides, 

green cover, etc). Therefore, benefits do not arise automatically. The duration of set-asides that 

have been set out of production is also likely to have impacts on biodiversity. 

3.2. GAPS AND RECOMMENDATIONS 

Environmental effects of set-aside fields commonly observed cover reductions in diffuse 

pollution and wildlife and habitats preservation, for e.g. nesting habitats, field margins 

hedgerows, strip. 
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The set-aside obligations implemented under the 1992 reform had actually various effects on 

soil erosion rates because of the different climatic, environmental and economic conditions, and 

management practices applied to these areas (e.g. with or without plant cover).  
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4.  CAP SECOND PILLAR: RURAL DEVELOPMENT POLICY 
INCLUDING AGRI-ENVIRONMENTAL MEASURES 

Since the 2003 Reform, Rural Development policy clearly recognises the multifunctionality of 

agriculture, i.e. recognises its role for food/feed production, for society, and its benefits on the 

environment and countryside maintenance. It mainly seeks to attain sustainable farming 

practices and development. 

Regulation 1698/2005 lays down the Rural Development RD policy objectives for the period 

2007-2013 with the new budget controlled and financed by the European Agricultural Fund for 

Rural Development (EAFRD). The RD policy is based on 3 main axes and a specific programme, as 

follows:  

• Axis 1: improving the competitiveness of the agricultural and forestry sector. 

• Axis 2: improving the environment and the countryside. 

• Axis 3: improving the quality of life in rural areas and encouraging diversification 

of the rural economy.  

• LEADER programme: this is a bottom-up approach aiming to encourage local 

actions with the development of territorial cooperation projects on at least one 

of the previous axis. 

With agri-environmental measures, farmers commit on a voluntary basis and can select the 

measures of their choice, on condition that they are eligible. They are paid in return for the 

environmental services provided. Commitments last for five-year-periods and must go beyond 

the cross-compliance obligations and other requirements. Reducing environmental risks and 

negative pressure of farming practices - in particular on water quality, soil and biodiversity- and 

protecting the environment through the support of environmentally sustainable farming 

practices, are the two main aspects of AEM. There is a significant diversity in the type of actions 

possible and proposed by Member States (see the list of examples in Box 4-1). The 

environmental issues mainly concern biodiversity, landscape and natural resources, that intend 

to address all aspects of agriculture-environment interactions and concern both productive and 

non-productive land management.  

The main categories relate to the reduction of inputs and a better use of natural resources, the 

promotion of extensification methods and sustainable farming systems, as well as landscape 

conservation measures. Crop rotation can also be supported by agri-environmental measures, 

provided they go beyond the cross-compliance requirements. Farmers can opt for specific 

measures offered in their countries. 
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Box 4-1: Main categories of Agri-Environmental Schemes (IEEP, Cross-Compliance Network, 2005) 

 

 

Box 4-2: Specifications on farmland to be presently eligible for “crop rotation measure” in France 

(adapted from a communication of The Regional Chamber of Agriculture of Meuse, 2009) 

 

4.1. IMPACTS OF THE CROP ROTATION AEM 

A survey conducted in France in 2006 assessed the impacts of the “crop rotation measure” on 

farms, cultural successions and agricultural practices (CETIOM, 2007). About 20% of farm 

holdings in 7 French regions have been polled, including farms which subscribed to the crop 

rotation measure (in their 4th year out of five of commitment, at the time) and farms not 

subscribing to it. As a result, farms which implemented the crop rotation AEM showed the 

following characteristics: 

• More diversity in rotations: in average, 42.9% rotations of the subscribers’ surfaces 

included 4 crops, compared to 31.5% on non-subscribers’ surfaces. Following AEM 

commitment, spring crops were newly cropped in the Northern farms, winter crops were 

newly cropped in the South, and protein crops in various regions.  

• Strong commitment rate (subscribers’ surface/ eligible surface): more than 80% of all 

eligible surfaces have been engaged irrespective of land area classes and farms types. 

This shows that, despite its difficulty of implementation, the crop rotation measure can 

be achieved in most of the farms. Moreover a strong commitment rate seems to signify 

that farmers themselves have own interests in applying the crop rotation measure 

beyond its legal requirements.  

- 60% at least of total cultivated crops should be cereals and protein crops 

- More than 70% of total crops should be included in the crop rotation plans 

- Commonly, a minimum of 4 different crops should be cultivated over a year 

- Major crop must cover less than 50% of UAA 

- Main cultivated crops and set-aside lands must cover less than 90% of total UAA 

- The same crop must not be cultivated two successive years on the same field 

- Restricted choices on the crops cultivated 
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• Lengthening of rotations: this tendency seems independent from the UAA above 50 Ha. 

But shorter rotations were noticed in smaller farms, notably due to the difficulty to have 

all surfaces eligible (see Box 4-1) 

• Changes in practices: tendencies showed that the more crops in the successions, the 

less the quantity of fertilisers used and nevertheless the better the weed management 

(belief of farmers by experience).  

4.2. HIGH NATURAL VALUE (HNV) FARMING 

High fallow proportion in the arable rotations, higher mixed cropping and reduced use of 

fertilisers could promote crop rotations23. The promotion of High Natural Value (HNV) farming is 

encouraged under Axis 2 of the Rural Development Regulation and supported as an Agri-

Environmental Measure. Two major alternatives, identified by the partner European Forum on 

Nature Conservation and Pastoralism (EFNCP) are encouraged and encountered for a low-

intensity management of HNV. Type 1 favours an increase in the percentage of semi-natural land 

cover. Type 2 promotes more diversity in the land cover and takes into account agricultural 

production crops to a larger proportion, additionally to semi-natural vegetation (scrubs, trees, 

field margins, etc.). The main challenges in assessing impacts of HNV programmes and monitor 

their evolutions, after identifying interesting zones, are to find objective and efficient 

environmental criteria. Member States chose several indicators, ranging from land cover and 

farming systems criteria to wild species criteria. 

4.3. COMPLEMENTS 

For the period 2007-2013, AEM account for 23% of total EU-27 Rural Development expenditure 

(Figure 4-1). The other Rural Development expenditures principally concern agricultural activities 

and less-favoured areas. The most recent data published about land under agri-environmental 

commitment report about 25% of EU-15 total cultivated area in 2002 and the share of UAA 

under AEM ranges from 0.7% (LT) to 45%(DE) in different MS (DG for Agriculture and Rural 

Development, 2005; Figure 4-2).  

                                                           
23

 EC, 2009, The application of the High Nature Value Impact Indicator, Guidance, 2007-2013 
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Figure 4-1: Main Rural Development measures of the 2007-2013 programming period for EU-27 (EU 

report
24

, 2009)  

 

Figure 4-2: Agricultural land under AEM commitment (Eurostat, 2005, France: 2004)
25

 

 

In Austria, an awaireness campaign has been managed on crop rotations for more than 15 years, 

e.g. since 1995 the association “Ökopunkte” has dedicated subsidies according to given farming 

                                                           
24

 Rural Development in the European Union, Statistical and Economic information, Statistical description, Report 

2009 

25
 This indicator monitors trends in agricultural land enrolled in agri-environmental measures (AEM) as the share of 

total utilised agricultural area (UAA). For EU-15, the data include agri-environmental contracts under Regulation (EC) 

2078/1992 and contracts signed in 2000-2005 under the Regulation (EC) 1257/1999. For countries from the 2004 

enlargement, agri-environmental contracts under regulation (EC) 1257/1999 started from their accession to the EU. 
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practices, including crop rotations beneficial to the environment. This scheme for example 

resulted in better shares of crop rotations including fallows and grasslands, but reduced 

amounts of rotations including root crops and cereals. 

4.4. GAPS AND RECOMMENDATIONS 

In France, farmers mentioned their difficulty to implement the crop rotation measure, due to 

the technical complexity of the measure, and due to the difficulties to comply with all the crop-

specific requirements of the contract, agronomical limited possibilities, land management 

(management of the rotation of parcels) and increased labour/investment needs (CETIOM, 

2005). Therefore, a part of the involved farmers gave up before the end of the 4-years 

programme. However, indirect positive impacts, notably the implementation of more 

sustainable farming practices, are likely to be associated with the crop rotation measure, as well 

as with other measures such as input reduction or extensification. 

A guidance document was published by the Commission to help Member States identify 

interesting HNV farming and forestry on their territory and implement associated indicators to 

develop efficient initiatives. However, the report states that there are only a few readily 

available indicators for HNV farming characteristics for arable and permanent crops (i.e. low 

input use, or the proportion of land under fallow or under and semi-natural cover), however 

crop rotations are not directly handled and the approach could be more integrated for the 

implementation of HNV areas, to target valuable zones more precisely and adapt more precisely 

to local conditions and possibilities. 
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5.  POLICIES RELATED TO ORGANIC FARMING 

5.1. TECHNICAL CONSTRAINTS FOR THE DEVELOPMENT OF ORGANIC 

FARMING  

The number of farmers converted in organic farming systems is growing continuously, however 

many constraints still exist which prevent organic farming from becoming an economic and 

agricultural model in Europe (Pers. Comm.: Lehouchi). First, organic plant breeding and 

propagation are complicated to find, including robust and pest-resistant species; second, 

restriction to use synthetic chemicals reduce weeds and pest control. Pest pressure is 

particularly strong on organic oilseeds. 

Also, the availability of organic seeds is a major problem, as several barriers exist and restrain 

the development of independent plant breeding and seed production: e.g. high prices, seed 

quality that is not certified in the case of farm-saved seeds and difficulties of organic seeds 

production in comparison with conventional methods (Groot et al., 2006). This clearly impedes 

the development of complex crop rotations and reduces the possibilities for sustainable and safe 

(regarding diseases and pest risks) diversified sets of crops in the rotations. Further research and 

partnerships involving e.g. breeders, traders, farmers, research institutes and governmental 

organisations, would be useful in order to enlarge the set of varieties choice and control the 

quality of organic seeds and propagation material. 

5.2. SOCIO-ECONOMIC CHALLENGES IN ORGANIC AGRICULTURE  

Organic farming practices are no longer seen as marginal and the socio-cultural reticence to get 

involved in such alternative forms of productions is progressively disappearing. Farmers 

perceptions and motivations are positively changing and they are more favourably disposed to 

adopt such sustainable production methods than before.  

5.3. GAPS AND RECOMMANDATIONS 

Evolution towards more diversified and longer rotations would be achieved partly by the 

development of organic farming practices. This hypothesis relies on the fact that crop rotations 

are a keystone of organic farming as a mean to compensate for restriction on fertilisers (Pers. 

Comm.: Lehouchi). For that reason, the options for improvement are the ways to handle the 

main technical constraints and socio-economic challenges currently faced by organic farming 

systems. 
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6.  EU POLICIES ON THE USE OF AGRICULTURAL CHEMICALS 

6.1. COMPLEMENTS ON THE CASE STUDY 

A case study on cropping system changes in response to the Nitrates Directive has been assessed 

in the South-Pyrenees region, France (Louhichi et al., 2008). Main crops in this region are 

cereals, protein crops and oilseeds, representing 40% of the cultivated area (Agreste, 2006). 

Authors identified 65 crop rotations including 11 different crops, the main rotations being [soft 

wheat/sunflower], [durum wheat/sunflower] and [maize/maize grain]. In order to assess the 

effects of policies and policy options at farm and regional levels, a set of information including a 

wide range of agro-management (average yield, water/soil/nutrient management, etc.) and 

economic data (producer prices, variable cost) was collected for each crop, as well as data 

concerning bio-physical conditions of the agro-environmental zones (climate, soil types) and 

farm resources and structures. Scenarios produced from two coupled models showed a partial 

adoption of the Directive requirements only. Positive effects on soil erosion (22% erosion at 

regional level and on average farm) have been clearly observed due to the adoption of the 

Nitrates Directive. It is said to be due to a reduction of spring crop production (soya bean and 

sunflower) and an increase of winter soft wheat that reduces uncovered soil in winter. In this 

scenario, oilseeds crops are replaced by soft wheat; cereals being effectively more profitable if 

better N management measures are applied. However, these effects are a modeled 

consequence of the Nitrates Directive only and other measures can also affect the overall crop 

allocations (% changes).  

 

Figure 6-1: Modelled economic, environmental and technical impacts of the Nitrates Directive at farm 

and regional levels in the Midi-Pyrénées region (Louhichi et al., 2008) 

*Premium refer here to the financial support EU farmers receive, known as direct payment or single farm 

payment (that replace most of the previous premia under different Common Market Organisations). 
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6.2. GAPS AND RECOMMANDATIONS 

Results of the SEAMLESS study show that a 3% cut of the direct payments, in the case farmers do 

not follow the requirements of Nitrates Directive, is not enough to force them comply with 

them. It is actually economically more sustainable for farmers to maintain the same level of 

uncovered soils between two crops or nitrate fertiliser, when they cannot manage complying 

with Nitrate Directive requirements. A 17% cut would be a minimum condition for arable 

farming systems (Louhichi et al, 2008). But Louhichi showed that the optimal premium cut may 

vary, depending on the type of farms. 

A tax on pesticides would lead to satisfying decreases in pesticides use only if high tax rates are 

applied. Subsidies spent to improve at the same time the development of integrated and organic 

farming are calculated to have real benefits when combined with lower taxes (Jacquet, 2010 and 

Pers. Comm.: Jacquet). However, economical problems are linked to the reduction of pesticides 

and the introduction of interesting “low input” crops in crop rotations, such as legumes, flax, 

triticale in rotations. Indeed, finding outlet markets may reveal difficult, and therefore the 

introduced crops would risk being sold at low prices 
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7.  IMPACT OF COMMERCIAL CONTRACTS OF FARMERS ON 
CROP ROTATIONS 

Table 7-1: Duration of the contracts in farms (BIO, survey results) 

0-5 years 6-10 years 11-15 years more than 15 years

Average           

(years) per 

country

France - 1 1 3 26

Hungary 3 - - - 4

Ireland - - - - -

Italy 3 2 1 - 6.1

Sweden 1 - - 1 15.3

Poland 1 1 2 1 15.2

Average (years) 

per category 2.9 7.7 16 34.3

Total answers 8 4 4 5
 

Table 7-2: Percentage of farms having a contract (BIO, survey results)  

No Yes

France 2 8

Hungary 7 3

Ireland 3 -

Italy 1 5

Poland 1 5

Sweden 2 3

Total answers 16 24

40% 60%  

Table 7-3: Link between farms size and amount of subscribed contracts (BIO, survey results)  

0-50 ha 50-100 ha 100-150 ha >150 ha Total answers

Number of farms 12 11 7 8 38

Number of contracts 

(Absolute value, only 1 

contract per farm is 

considered)

6 6 6 5 23

% of contracts                      

(Relative to nb of farms in a 

defined size range)

0,5 54.5% 85.7% 62.5%

 

 


