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Plant Nutrients and Plant Nutrient 
Pathways

A Short Historical Outlook
In earlier days, when the majority of people were oc-
cupied in agriculture, plant nutrient resources remained 
largely within agriculture and were recycled. Plant nu-
trients in the form of manure from animal husbandry, 
household and slaughter waste etc. were returned to ar-
able land. This made it possible to maintain the produc-
tion level of the arable land but at a restricted level. At the 
same time, there was a shortage of plant nutrients which 
limited the production of food and thus the population. 
Not so seldom, people were starving.

At the beginning of the nineteenth century, the cultiva-
tion of clover in grasslands became common. Through 
its nitrogen fixing capacity, it could supply the pasture 
with nitrogen, which also could be used by the following 
crops. The farming systems that developed in the middle 
of the 19th century were to last about a century, until the 
end of the Second World War. Crop and animal produc-
tion were tightly inter-connected in systems of produc-
tion which were distinguished by fairly good biological 
balance. Different crops replaced each other at regular 
intervals in the crop rotation, where clover and other leg-
umes provided a basis for nitrogen supply.

This development led to yield increases of more than 
50% by the 1930s compared with the beginning of the 
19th century. The insignificant use of fertilisers limited 
further increases in production and did not even compen-
sate for the flux of plant nutrients in agricultural produce 
to cities and urban areas.
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Figure 4.1. Nitrogen, phosphorus and potassium use. Averages for 
Sweden in kg per hectare arable land. (Claesson and Steinek, 1996).
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At the end of World War II, the most dramatic and rap-
id change in our agricultural history occurred. The rise of 
a modern industrial society brought a rapidly increasing 
stream of people from rural to urban areas. This gigantic 
reallocation of people and the implemented methods of 
waste management led to plant nutrient losses, as the nu-
trients in waste were not recycled to arable land anymore. 
Instead inputs of mineral fertiliser, produced from cheap 
energy, became necessary. This, in combination with so-
ciety’s demands for rationalisation and increased yields, 
led to the specialisation of agricultural production. The 
earlier balance between cattle, pastures and grain produc-
tion was in large broken.

The plant nutrients in manure became unevenly distrib-
uted between different agricultural businesses. Intensive 
animal production gave a supply of plant nutrients in 
manure that was larger than arable soil and crop nutrient 
requirements. This led to negative effects on the environ-
ment, in the form of increasing leakage of nitrogen and 
phosphorus to the water and losses of nitrogen to the air. 
At the same time, pure plant husbandry farms had a lack 
of manure and consequently of plant nutrients that had to 
be replaced with mineral fertilisers. Manure was consid-
ered to be a waste instead of a resource!

A study of statistics on the use of manure and ferti-
liser during the years illustrates the change of use of plant 
nutrients in manure. Until the 1950s the use of mineral 

fertilisers was still very limited. In the 1960s and 70s, 
the agricultural extension service was still recommend-
ing that farmers consider manure a waste and instead use 
mineral fertilisers. 

In the middle of the 1980s, a new awareness started 
to grow in Sweden on the importance of using the plant 
nutrients in manure as a resource for growing crops. Soil 
mapping regarding the amount of phosphorus and potas-
sium was relatively common. Analysis of soil nitrogen 
content early in spring in order to predict the amount of 
nitrogen fertiliser needed started at the end of the 1980s 
and early 1990s. It was important to teach the farmers to 
once again first use the plant nutrients in manure in the 
best way possible and after that add mineral fertilisers to 
compensate for crop needs. 

Farm-gate Nutrient Balance

In farm-gate plant nutrient balances the amounts of ni-
trogen, phosphorus and potassium accumulated on the 
farm are calculated and compared with the amounts that 
leave the farm. The usual nutrient inputs are: fertilisers, 
imported or purchased fodder, purchased animals, pur-
chased seed, the deposition of nitrogen from the air and 
the amount of nitrogen fixed by leguminous bacteria. The 

Figure 4.2a and b). Input of N in fertilisers, N in agricultural production and surplus (difference between total input and production) of nitrogen in 
Sweden and in Finland 1950-2002. The difference between total input and agricultural production shows an increasing surplus, i.e. losses of reactive 
nitrogen (Granstedt et al., 2004).
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amounts of plant nutrients leaving the farm are usually 
contained in agricultural produce such as grain, milk, 
meat, potatoes, etc. but can also be in sold animals or 
gaseous losses of ammonia from fertilisers, manure or 
crop residues or leakage and surface run-off and denitri-
fication. Manure, slurry, urine, as well as crop roots and 
harvest residues e.g. straw are usually only recycled on 
the farm and therefore are neither an input to the farm nor 
a product that leaves the farm and are not included in the 
farm-gate balance calculation. Special cases exist when 
manure is brought from one farm to another, where it is 
used as a fertiliser to crops, and in that case manure must 
also be considered to be an input of nutrients. The same 
thing applies when manure leaves one farm to be spread 
on another farm. In that case the manure must be consid-
ered to be a product leaving the farm and included in the 
farm-gate balance calculation. The same applies to straw 
if it leaves one farm to be used on another farm, when it 
must be included in the farm-gate nutrient balance.

To make the results of the farm-gate nutrient balance 
clear for implementation on the farm, the next step is to 
consider the results in comparison to the general status 

of the farm. Here comparisons are made to soil maps of 
phosphorus and potassium to see which fields are in the 
greatest need of nutrients. These are usually the fields 
farthest away from the barns and manure storage. Then a 
plant husbandry plan is elaborated where the results from 
the farm-gate balance are included when deciding which 
crops to grow on which fields, how to spread the manure/
slurry/urine in suitable amounts considering the plant re-
quirements, as well as the best timing and technology for 
spreading manure. Here consideration must be given to 
the crops, the soil type and risk for soil compaction and 
the weather. The next step is to add the fertilisers to the 
plan, to choose suitable fertilisers or combinations of fer-
tilisers, suitable timing and technology for applying ferti-
lisers and also to calculate appropriate amounts according 
to crop requirements and the soil maps and the previous 
crops and manure spread in earlier years.

Figure 4.3. Nutrient fluxes in 
Sweden expressed as kg N per hec-
tare and year (Claeson & Steineck, 
1996). 
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Livestock Density

To ensure that manure is not produced in excess in com-
parison to the amount of arable land on the farm, it is 
important that there is a balance between the amount of 
animals on the farm and the amount of land available for 
spreading manure. The maximum number of animals has 
been specified with consideration given to the amount of 
phosphorus and nitrogen in manure and normal crop re-
quirements and removal of plant nutrients. The limiting 
factor for Swedish legislation on livestock density is phos-
phorus, with a maximum amount of 22 kg phosphorus per 
hectare. As the amount of manure per area will be mod-
erate, the risk of nutrient leaching of both nitrogen and 
phosphorus should be substantially smaller. It also means 
that it is possible to produce feed for the animals using 
the land on which manure is spread as a fertiliser. The nu-
trients only change phase from nutrients in crops as they 
pass through the animal intestine and become nutrients in 
manure to be used as a fertiliser for producing more feed. 
One other advantage with using phosphorus instead of 
nitrogen is that the figures on phosphorus content in ma-
nure are more reliable, as phosphorus losses in the animal 
house and during storage are almost non-existent. 

In Sweden the main rule is that the supply of phospho-
rus from manure and organic fertilisers may not exceed 
22 kg per hectare available land (with certain exceptions), 
counted as a five-year average. Until 31 December 2012, 
farms with livestock may spread the same amounts of 
manure as these livestock density regulations permit (See 
table 4.1). The supply of nitrogen via number of animals 

Figure 4.4. Plant nutrient pathways on a farm.

Type of animal Animals/ha

Dairy cows 1.6

Cows for breeding calves 2.3

Heifers, bulls, steers > 1 year old 4.6

Calves < 1 year old 5.8

Sheep and goats 15.0

Sows in production 2.2

Fattening pigs, places 10.5

Laying hens, places 100.0

Young hens, places 250.0

Broilers, places 470.0

Turkeys, ducks, geese, places 140.0

Horses 3.0

Mink, breeding females 50.0

Table 4.1. Livestock density in Sweden. 
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per hectare may not be larger than what is shown in table 
4.1.
Accessible land for spreading manure can consist of:

• Suitable arable land used for crop production on the 
farm.

• Arable land elsewhere if there is a contract on manure 
spreading for at least a 5-year period.

• Grazing land, pastures on farms with grazing livestock.

At most 50% of the area that grazing animals need for 
spreading livestock manure on can consist of pasture. 
Normally only 30% is used, as this corresponds to the live-
stock waste production during a 4-month grazing period. 
The animal density requirements apply to all farms with 
more than 10 animal units (1 animal unit: 1 cow, 3 sows, 
10 fattening pigs, 100 poultry or 1 horse) in Sweden.

Agricultural Production Structure 
Sets the Framework for the Success of 
Measures on Farm Level

Progress towards sustainable agriculture has up to now 
mainly been characterised by agricultural adjustments 
in terms of ‘good agricultural practice’ at farm level. 
However, the results achieved have not reached the estab-
lished goals, especially regarding nutrient losses. In spite 
of this fact, some improvements have been noticed. 

Issues such as production levels, total input of nutri-
ents in crop production, total numbers of animals and the 
degree of net export of agricultural products have to be 
further analysed with respect to sustainability concepts. 
Some fundamental prerequisites concerning the overall 
production structure of the farm sector have to be fulfilled 
if sustainability is to be improved through modifications 
of practices at farm level. 

The distribution pattern of animal production very 
much sets the base level for nutrient losses to water, as 
well as to the atmosphere. High livestock density in 
relation to available land for spreading of manure often 
causes severe nitrate leaching and inefficient recycling of 
the phosphorus in manure. This is true on farms, as well 
as for regions. Animal production concentrated to cer-

tain regions creates heavy emissions and local negative 
impacts of ammonia per land unit.

Differences in environmental impact can also be iden-
tified in relation to the types of animals. Grazing animals 
such as cattle, horses and sheep provide opportunities to 
preserve old natural permanent grazing land and thus 
maintain biodiversity. The amount of permanent pas-
tures is most likely one of the most important factors for 
biodiversity. The existence of grazing animals also has 
a positive effect on soil fertility, due to favourable crop 
rotations with a high proportion of perennial crops. Crop 
rotations with leys also require less pesticides than rota-
tions consisting of annual crops only, which dominate on 
farms with pigs and poultry and on grain farms. However, 
animal products from ruminants cause greater losses of 
nutrients per unit produced than products based on pigs 
and poultry, due to the less concentrated feed and the use 
of roughage, which needs greater areas for production 
than grain feeds. This is one of the difficulties with meas-
ures that can be positive for one part of sustainability but 
negative for another.

Biodiversity, the characteristic of biological systems to 
be different from each other, is manifested at the level of 
genes, species, populations, communities and ecosystems. 
The main sources of threat are loss of landraces and old 
species, as well as destruction of habitats due to intensive, 
mechanical agriculture, land-use changes and abandon-
ment of land, as well as polluting emissions. New niches 
for successor species can be created through adapted, ex-
tensive forms of land management, thus enhancing spe-
cies diversity. Placing areas under protection within the 
framework of nature conservation treaties is an important 
but expensive instrument to preserve extensive areas as 
habitats and to protect the species that remain. Promotion 
of organic farming could also be a way to maintain biodi-
versity as no pesticides or artificial fertilisers are used.

Large farms are often regarded to be less favourable 
with respect to resource and environmental maintenance 
than small ones. Except for very large animal holdings, 
such a statement is not scientifically proven and good op-
portunities to afford better techniques for farm buildings, 
storage and spreading of manure on larger farms may 
even change the situation completely. It can be difficult 
for the farmer to check all the fields on a large farm and 
therefore the use of herbicides and pesticides can increase 
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on large farms. Machinery pools can improve farm fi-
nances on all types of farms except the extremely large 
animal complexes existing today in the countries in tran-
sition, Poland, Russia, Belarus and Ukraine. Where there 
usually is no balance between the amount of animals and 
arable land for spreading of manure and a lack of tech-
niques for correct manure storage and spreading.

Organic farming, meaning the use of no commercial 
fertilisers and pesticides, is in many aspects in agreement 
with the sustainability concept, but not in all aspects. Due 
to widespread growing of nitrogen fixing crops and use 
of organic wastes, nitrate leaching can often be unaccept-
ably high, although often not as high as in conventional 
agriculture. As it is always more difficult to steer the 
mineralisation and uptake of organic nitrogen than com-
pared to nitrogen in mineral fertilisers, this affects the 
problems with nitrate leaching negatively. Furthermore, 
continuous phosphorus export from the farm with agri-
cultural products may lead to a phosphorus deficit in the 
soil, if not compensated for in some way. This could be 
the case even with respect to other nutrients depending 
on the soil type and origin. Compared with conventional 
agriculture, yields are usually lower in organic farming 
systems, which means that the production per hectare or 
production unit is usually smaller than for conventional 
agriculture. Organic farming with dual purpose milk/
meat production seems to have the best market competi-
tiveness in comparison with other types of commercial 
farming.

During previous decades, people were more closely 
integrated with agriculture and arable land. Animal feed 
was mainly produced on the farm and the amount of pur-
chased necessities was small at that time. Today most 
people live in urban areas and the production of food re-
lies heavily on purchases of necessities, including those 
from other countries. Transportation has thus increased 
to a large extent during the 20th century, as well as the 
environmental impact due to increased fossil fuel con-
sumption and related pollution. Urban development and 
the increased dependency of farms on necessities from 
other countries has exaggerated the linear elemental flow. 
Nutrients, as well as non-biotic elements e.g. heavy met-
als and rest substances from pharmaceuticals accumulate 
in urban vicinities and on animal-dense farms and regions. 
Large distances between food producers and consumers 

not only create long transport of food but also constitute 
an obstacle for the recirculation of nutrients.

Farming under less competitive conditions is preva-
lent for holdings on less fertile land, mainly situated on the 
outskirts of agricultural plains and for enterprises situated 
far from urban districts. A lack of social infrastructure, e.g. 
availability of services such as education, health care, pub-
lic transport and shops, may be a determining factor for 
the running of such farms. There usually also is a lack of 
complementary employment as well and it is common that 
the younger generation leaves the region to find opportu-
nities in urban areas. Lack of competitiveness may also 
be a consequence of insufficient funds for investment in 
appropriate farm equipment or for purchases of essential 
means of production. When valuable areas are threatened, 
such holdings and regions may need special policy actions 
to survive. This applies to farming in Western countries 
and can be very important for farming in the Baltic States, 
Poland, Russia, Belarus and Ukraine. 

Conclusions for Sustainable Agricultural Structure

Integration
• Crop and animal production should be more integrat-

ed in all countries.
• Very large non-sustainable animal holdings should 

reduce the number of livestock or be split up into 
smaller, more evenly distributed animal holdings. 

Biodiversity
• The number of ruminants should locally correspond 

to the amount of old permanent grazing land to 
preserve biodiversity. In some countries it may not be 
possible to retain all such land, so selected valuable 
grazing areas may need special policies to maintain 
these.

• Remains of natural biotopes such as wetlands, islands 
in field etc. should preferably be saved.

• On-farm conservation of landraces and old species.

Transport
• Transport of feed, food and wastes should be mini-

mized by promoting local alternatives before central-
ized ones when this is deemed profitable by life cycle 
analysis.
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Less competitive farming
• All countries in the Baltic Sea Region should support 

remote and less market-competitive farming and the 
development of essential services and complementary 
employment, in order to preserve a viable countryside 
all around the Baltic Sea.

Co-operation within watersheds
• Co-operation between neighbouring farms should be 

promoted to overcome negative effects of extensive 
specialisation on individual farms by mutual care for 
the arable resources, such as permanent grazing land, 
exchange of feed and manure etc. This can be a way 
to achieve sustainability for the total area without 
jeopardising the benefits of specialisation of individu-
al farms.

Organic farming
• Society should promote organic farming wherever it 

contributes to sustainable development.

Factors Regulating Nutrient Losses from 
Farms

Drainage and cultivation of wetlands and old grasslands 
may cause extensive nitrate leaching due to increased 
mineralisation of stored organic matter. Nutrient losses 
may also occur as a consequence of wind and water ero-
sion, due to inappropriate soil management. In all other 
cases of unacceptable nutrient losses from arable land, 
the losses are related to the degree of fertiliser/nutrient 
input e.g. mineral fertilisers and manure. Heavy leach-
ing of nitrogen can only occur in relation to intensive 
fertilization but not necessarily as a result of the ferti-
liser input in an individual year, but as a consequence of 
long-term use of high inputs. The purchase of feed and 
feed concentrates to the farm is often an underestimated 
or forgotten component of the farm nutrient balance. The 
ratio between total nutrient input and product output is a 
key factor directing the long-term losses. A goal should 
be to have as efficient use as possible of the nutrients on 
the farms, which should in many cases lead to reduced 
fertiliser input. This means that on livestock farms that 

the nutrients in manure should be used first before adding 
complementary mineral fertilisers.

As already mentioned, the use of animal manure in 
crop production is often a main contributor to nutrient 
losses to the atmosphere as well as to water. A lot of re-
search has been performed with the aim of improving the 
utilisation of nutrients in manure but there is still more 
to be done in this field. If no other possible short-term 
measures are applicable to prevent excessive negative ef-
fects on the environment for regions and individual farms 
with an excessive production of manure compared with 
available spreading land, it could be of interest to develop 
methods to concentrate the valuable nutrients in manure 
through some sort of technical manure processing. That 
would make it possible to transport the nutrients in manure 
over greater distances, but at the same time these types of 
processes have a high energy input. Such research is un-
derway and may provide one possible solution to leach-
ing problems in animal-dense areas. This type of solution 
should only be used as an emergency measure during the 
time that it can take to implement other structural meas-
ures with a greater potential for long-term sustainability, 
such as adjustments of the livestock density.

Ammonia emissions are strongly correlated to the 
number of animals and also to the housing and ventila-
tion system used, manure storage practices and spreading 
procedure. A less protein-rich animal feed diet decreases 
the amounts of ammonia in the manure that can be lost to 
the atmosphere. The same is true if the ventilation air is 
cleaned, the manure storage tank is covered and the ma-
nure is incorporated into the soil during or immediately 
after application. Efficient use of manure in crop produc-
tion requires sufficient manure storage capacity in rela-
tion to optimal timing of spreading and suitable spreading 
technology as well as spreading amounts that are dimen-
sioned according to the crops nutrients requirements.

Cropping practices such as soil tillage, choice of crop, 
crop rotation, timing and equipment for spreading ma-
nure are all factors influencing nutrient turnover and flow 
in the soil-crop system. In addition to more appropriate 
total fertiliser use, these are the main tools for minimiz-
ing the nutrient losses at farm level. Nutrient leaching 
and surface run-off may be reduced in systems with di-
rect drilling, a high proportion of winter-green fields and 
manure spreading mainly during spring. Slurry seems to 
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give better opportunities for efficient handling and nutri-
ent recycling than solid manure systems, due to recent 
developments in techniques. Slurry in Western countries 
commonly has a dry matter content of 5-10%. The slurry 
that commonly existed previously in countries in transi-
tion, Poland and Russia, with a dry matter content of ap-
prox. 0.5%, would lead to large problems as the amounts 
are so large that building suitable manure storage would 
be economically non-viable. Furthermore, problems 
with soil compaction are common when spreading large 
amounts of dilute slurry.

Point pollution sources of urine or leakage from ma-
nure storage are not acceptable in a sustainable produc-
tion system. Furthermore, wastewater from households 
and farm buildings should be collected, stored and ap-
plied to farmland as a nutrient. 

Conclusions for Sustainable Farm Management 
Concerning Nutrient Losses

Nitrogen input
• Application rates for nutrients should not exceed 

the crop nutrient requirements. National guidelines 
should be developed with fertilising recommenda-
tions and they should refer to:
a) soil conditions, soil nutrient content, soil type and 

slope
b) climatic conditions, precipitation and irrigation 
c) land use and agricultural practices, including crop 

rotation systems
d) all external potential nutrient sources.

• Nitrogen nutrient balances should be performed on 
the farm to show the size of the nitrogen surplus and 
should be used when planning fertilisation.

Phosphorus input
• The available phosphorus content of arable topsoils 

should not exceed the requirements of acceptable 
crop production.

• The annual phosphorus input should be calculated in 
relation to:
- the phosphorus content in the field
- the crop requirements.

• Good monitoring data on the phosphorus status of 
arable land is needed in every country, as well as 
nutrient balances to show whether the supply of phos-
phorus in the soils is increasing or being depleted.

• At farm level the phosphorus input should be of the 
same size as the phosphorus removed. Phosphorus 
nutrient balances should be prepared for the farm to 
show the size of the phosphorus surplus and should 
be used when planning fertilisation.

Livestock density and manure handling
• In regions with high average livestock density, and 

preferably also on individual farms, the total number 
of animals should be reduced to a level consistent 
with efficient recycling of nitrogen and phosphorus.

• Efficient circulation of nutrients on animal farms in 
combination with a high degree of self-sufficiency 
in feed is a prerequisite for limited losses of plant 
nutrients.

• The utilisation efficiency of the nutrient content in 
animal manure should be improved as much as tech-
nically feasible. That can be achieved by:
- building sufficient storage capacity for manure for 

optimal timing of spreading
- covering slurry and urine stores to reduce the 

odour and the emissions of ammonia nitrogen
- improving manure spreading techniques and main-

tenance of manure spreaders
- incorporating slurry, urine and solid manure into 

the soil immediately after spreading on open soils 
to minimise ammonia nitrogen losses.

Nutrient point sources
• Nutrient point sources on the farm, such as from 

manure storage, milking parlours, silage storage etc., 
should be identified and eliminated.

Crops and crop rotations
• Choose crops and crop rotations with a minimum 

need for soil cultivation and keep a high proportion 
of arable land covered by crops during autumn and 
winter.

• In areas with more than 50% annual crops, the 
proportion of perennial crops or green cover crops 
should be increased. This is most urgent in areas with 
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sandy soils and in areas that are used for drinking 
water purposes and also on land sensitive to erosion.

New technology
• Promote the development and implementation of new 

technology that can reduce nutrient losses, such as 
precision farming with site-specific crop management 
by use of global positioning systems.

Criteria for surplus land
• The farmers should take environmental considera-

tions into account when removing land from food 
production in a situation of surplus agricultural land 
for food production:
- soils poor in phosphorus
- organic soils on previously drained wetlands
- soils sensitive to erosion
- soils sensitive to nitrate leaching

Nutrient traps
• Create buffer zones and wetlands to reduce nutrient 

losses and increase biodiversity.

Additional Measures to Meet other 
Sustainability Issues 

Soil fertility is determined by chemical, physical and 
biological soil conditions. Mineral fertilisers may be con-
taminated with pollutants due to the process by which 
they are manufactured, or depending on the origin of the 
raw materials. Phosphate fertilisers in particular display 
high levels of polluting elements, above all cadmium. 
Depending on the system of land use and fertilisation 
methods, these pollutants enter agricultural soils by fer-
tilisers. Cadmium and chromium are the main contami-
nants, with lesser quantities of lead, nickel and arsenic 
being deposited. Recycling of urban waste may also 
contribute to the input of heavy metals, persistent toxic 
substances and rest substances from pharmaceuticals to 
arable land. However for most of the Baltic region, at-
mospheric deposition is the main pollutant source.

Soil erosion in the strictest sense refers to degradation 
processes exceeding natural dimensions. It is caused by 

water and wind and increased by intensive soil cultiva-
tion and bare soils. Soil erosion due to non-sustainable 
land management leads not only to loss of soil fertility, 
but also to water pollution through phosphates, plant pro-
tection products and nitrogen compounds deposited along 
with soil material.

Cropping methods in intensive farming, especially soil 
tillage and the use of heavy farming equipment, cause 
structural damage to both the topsoil and subsoil, 
especially compaction, with subsequent negative im-
pacts on the regulatory functions and fertility of the soil. 
Structural damage leads to yield reductions. Topsoil com-
paction is repairable, but greater weights can lead to sub-
soil compaction, which is extremely serious, as subsoil 
compaction is irreparable. In recent years there has been 
a trend towards heavier farm machinery and at the same 
time better wheel equipment has become more common, 
but cannot always solve the problems caused by the large 
weights. Consideration must be given to total weight, 
wheel pressure and wheel equipment when developing or 
purchasing farm machinery for sustainable agriculture.

The inadequate use of plant protection products is 
always related to health and environmental risks. The ut-
most goal is to minimise those risks. To reach this goal it 
is necessary to improve the registration and handling and 
to reduce the overall use. Point-source pollution in con-
nection with pesticides arises e.g. when filling or clean-
ing sprayers and with careless handling of plant protec-
tion products. Diffuse pollution is mainly associated with 
leaching or surface run-off, erosion or as wind-driven dis-
persal of pesticides. Pesticide residues are found in prod-
ucts as well as in water. On the other hand, the introduc-
tion of pesticides into crop production some decades ago 
led to a more reliable yield level and also to healthier har-
vests with respect to naturally produced toxins. In most 
countries work is currently taking place on minimizing 
the use of pesticides in agriculture and on replacing risky 
products with less toxic and easy degradable alternatives. 
Educating farmers in handling pesticides and requiring 
a certificate or license for all those handling pesticides 
and sprayers is important. The measures are well known 
and the work towards minimal or even zero-use has to 
continue. How close to zero we will come without jeop-
ardizing essential benefits from proper pesticide use will 
be seen in the future.
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The introduction of genetically modified organisms 
(GMO) is exponentially increasing in agriculture. Such 
new crops are often linked to the use of specific pesti-
cides. Through gene insertion techniques, the crop can 
be made resistant to specific pesticides for combating 
weeds and fungi. Knowledge is still very restricted about 
the risks for genetic pollution of wild species but it now 
seems impossible to completely prohibit the introduction 
of these new seeds. In aquaculture, there is a risk of ge-
netically modified material spreading to wild fish species. 
Use of GMO in animal husbandry is mainly a question of 
ethics. What can be done, and has to be done, is to adopt a 
restrictive policy for accepting and introducing GMO. At 
the same time, the use of GMO in crop production should 
not lead to an increased use of herbicides.

Intensive and increasing use of veterinary drugs e.g. 
use of antibiotics for animal medication and as growth 
promoters creates a serious human and animal health 
problem for the future. A number of bacteria have become 
increasingly resistant to antibiotics, restricting future pos-
sibilities of combating diseases. The use of antibiotics 
can be reduced if the breeding intensity, feed and housing 
conditions are suitable for the biological production po-
tential of the individual species. Animal welfare concerns 
should be taken seriously. 

An important step to achieve sustainability in agri-
cultural production is to develop efficient recirculation 
of urban bio-waste/human effluents into cropping 
systems. For that purpose, appropriate waste collecting 
urban systems have to be established, where contamina-
tion with non-biotic pollutants can be avoided. The main 
purpose is to keep phosphorus in human food in circular 
flows in the soil-crop-consumer-soil system and also to 
stop urban pollution to water bodies. In many places the 
need for urban investment to enable the development of 
circular elemental flow will be enormous within the next 
few decades.

Fossil energy has to be successively replaced, due to 
the greenhouse effect and air pollution as well as the fact 
that it is a non-renewable resource. According to several 
sources, we have already passed peak oil. Agriculture 
can produce bio-energy. Some possible crops are wil-
low (Salix), grass, oilseed rape and wheat. Among these, 
willow and grass seem to be the most favourable for 
the environment and also for soil fertility. Harvest resi-

dues such as straw can also be used for energy purposes. 
Consequently, using environmentally sensitive land for 
production of energy can improve the environment. To 
get the bio-energy sector to expand, bio-energy has to be 
efficiently and profitably produced and techniques for 
converting bioenergy to electricity and heat must be im-
proved. Another way of producing energy that is becom-
ing more and more interesting in the Baltic Sea region is 
through the production of bio-gas from e.g. manure and 
fermentation of some other waste products from agricul-
ture. Production of renewable energy is usually area de-
pendent and as such competes with food production.

The availability of clean groundwater is rapidly de-
creasing in most countries. Agriculture plays a role in this 
development, as nitrate and pesticide residues in water 
mainly originate from agriculture. Powerful measures 
have to be implemented if the present negative trends are 
to be broken and the remaining waters of high quality are 
to be preserved.

Agriculture produces nitrous oxides (N2O), methane 
(CH4), and carbon dioxide (CO2) that are of substantial 
importance for the greenhouse effect with global warm-
ing as the ultimate result. These emissions are mainly 
attributable to livestock farming and combustion from 
heating and agricultural machinery. About three-quarters 
of the methane emissions from agriculture come from an-
imal digestion. Agricultural machinery and mineral ferti-
lisers account for about 60% of the fossil fuel consump-
tion on cash crop farms. It has been calculated that the 
global emissions of greenhouse gases could be balanced 
if the soil organic matter content were to be increased 
by 0.01% per annum by implementing careful land use 
practices. This situation will not continue in the long run, 
but could be a solution during a transition period, while 
the emissions are measured.

Maintaining a high degree of employment is an es-
sential component of a sustainable society. Employment 
is of fundamental importance to enhance social stability 
and personal finances and health. However, in the future 
it will most likely be difficult to sustain employment in 
most countries. In that perspective a general commitment 
for the agricultural sector, as for all sectors, should be 
to develop new profitable services and products based 
on farm assets and produce. This is really a challenge. 
In Sweden it has been calculated that employment in 
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Swedish agriculture will be reduced by approximately 
40% up to 2021, mainly due to the implementation of 
more efficient production methods and increased yields 
in both crop and animal production.

In most countries farmers’ income is often insufficient 
for necessary investments on the farm. Lack of time and 
income restrains farmers from finding and implementing 
new production methods. On the other hand, implementa-
tion of sustainable farming systems could in the short run 
lead to economic losses for farmers, in particular when the 
total output per land unit is reduced. To some extent, their 
income is linked to their degree of education. Extended 
education, demonstrations and advisory activities can no 
doubt improve farmers’ finances and their understanding 
of sustainable issues and willingness to change practices 
on the farm. Research and extension service can be of 
great importance not only for the financial outcome of the 
farm but also for the effects on the environment and for 
the sustainability of agriculture.

Conclusions on Additional Measures Towards 
Sustainability

Finances
• Farmers’ income should be sufficient to provide a fair 

standard of living and consist of reasonable compen-
sation for products and other services.

Water quality
• Long-term water quality should be secured by suit-

able land use within potential and existing pumping 
areas for high quality groundwater. This usually cor-
responds to less intensive forms of land use.

Soil fertility
• Soil fertility should be maintained and improved with 

respect to soil organic matter, soil structure, nutrient 
status and contents of non-biotic elements and chemi-
cals by use of only non-polluted means of production, 
non-compacting machinery and cultivation practices 
promoting increased soil organic matter.

• Nutrient balances, soil analysis and monitoring pro-
grammes should be established as a basis for appro-
priate use of arable land.

Animal health and welfare
• To promote animal health and welfare, animals should:

- be fed a balanced diet
- not be subjected to long distance transportation
- preferably have outdoor access and be kept in 

loose housing systems.
• The use of antibiotics in animal medication should 

decrease and the use of growth promoters should be 
terminated.

Genetically modified organisms, GMO
• The introduction of GMO into food production 

should be subjected to a very restrictive approval pro-
cedure and any increase in the use of plant protection 
products should not be allowed.

Bio-energy
• Bio-energy production should be increased on excess 

arable land. Present land use must not jeopardise pos-
sibilities in the future to produce high quality food on 
the same land.

Recirculation
• The recirculation of nutrients and organic matter 

in urban bio-waste to the production of biomass on 
arable land should be promoted. Efficient administra-
tive systems for waste quality assessment are neces-
sary in every country.

Plant protection products
• The use and risks of plant production products must 

be reduced in the future. This can be achieved by:
- selecting crops and cropping systems with less 

need for plant protection products
- improving spraying techniques and maintenance of 

sprayers
- making certificates obligatory after participation in 

courses on safe handling practices for all farmers 
handling plant protection products and sprayers 

• All plant protection products must be registered and 
approved by national or international authorities.
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Climate change
• Promote cropping systems that increase the soil or-

ganic matter content e.g. increase permanent grass-
land, perennial crops and reduced soil tillage.

• Promote farming with a reduced use of mineral ferti-
lisers and imported feed.

• Introduce CO2 energy taxes on non-renewable energy.
• Reduce ruminant livestock numbers and/or increase 

production level.

Employment
• Emphasise a sector commitment to developing new 

profitable services and products based on farm assets 
and production.

Expertise
• Implement action programmes for extended edu-

cation, demonstrations and advisory activities for 
sustainable agriculture.

• Initiate and support research for sustainable agricul-
ture and to mitigate and adapt to climate change. 

Conclusions

For sustainable agriculture it is important to take into 
consideration the ecosystem concept and how all parts of 
the ecosystem are dependent on one another. Measures 
must be taken and plans made so that problems will not 
be created for the future. A holistic view on agriculture 
must be adopted. This means that it is important to use all 
nutrients such as those in manure as a resource in the most 
optimal way, but also that all inputs and resources should 
be used most effectively. Improved technology and com-
bining the best from all farming systems is one of the 
keys. Consideration must be given to producing food and 
feed of high quality while minimising transport. The wel-
fare and health of both man and beast should also be high 
on the agenda. Climate change must be combated and it 
will most likely lead to new crops, pests and diseases on 
plants, animals and humans, as well as a longer growing 
season. Good products should also lead to fair prices that 
make it possible to farm with a reasonable standard of 
living comparable to that in other parts of society. Here 

education and training, as well as the advisory service, 
will play an important role. Arable land will be become 
more and more important to feed the world population 
and produce renewable energy.



References

470

IFA. 2010a. The International Fertilizer Industry Association (IFA). 
Online production and international trade statistics: produc-
tion, exports, imports by region from 1999 to 2008. Assessed 
14.03.2011, available from http://www.fertilizer.org/ifa/Home-
Page/STATISTICS/Production-and-trade

IFA. 2010b. The International Fertilizer Industry Association (IFA). 
SurfIFADATA The IFA database – which contains historical fertilizer 
production, trade and consumption statistics. Assessed 07.04.2011, 
available from http://www.fertilizer.org/ifa/ifadata/search

IFDC. 2010. World Phosphate Rock Reserves and Resources. International 
Fertilizer Development Center. Technical Bulletin T-75.

Joseph, P. 2009. Mechanisms of cadmium carcinogenesis. In: Toxicology 
and Applied Pharmacology 238, pp 272-279.

Järup, L. and Åkesson, A. 2009. Current status of cadmium as an envi-
ronmental health problem. In: Toxicology and Applied Pharmacology 
238, pp 201-208.

Kemira Oy. 1980. Kemira exploits low-grade phosphate deposit at 
Siilinjärvi. In: Phosphorus and Potassium 108, pp 31-34.

Kirchmann, H. 1998. Phosphorus flows in Swedish society related to 
agriculture. In: Kungliga Skogs- och Lantbruksakademiens Tidskrift 
(KSLAT) 135, pp 145-156.

Kirchmann, H., Nyamangara, J. and Cohen, Y. 2005. Recycling munici-
pal wastes in future – from organic to inorganic forms? In: Soil Use 
and Management 21, pp 152 – 159.

Kuligowski, K. and Poulsen, T.G. 2010. Phosphorus dissolution from 
thermally gasified waste ash using sulphuric acid. In: Bioresource 
Technology 101, pp 5123-5130.

McLaughlin, M.J., Tiller, K.G., Naidu, R. and Stevens, D. 1996. The 
behaviour and environmental impact of contaminants in fertilizes. 
In: Australian Journal of Soil Research 34, pp 1-54.

Rockström, J., Steffen, W., Noone, K., Persson, Å., Chapin, F.S., 
Lambin, E.F., Lenton, T.M., Scheffer, M., Folke, C., Schellnhuber, 
H.J., Nykvist, B., de Wit, C.A., Hughes, T., van der Leeuw, S., Rodhe, 
H., Sörlin, S., Snyder, P.K., Costanza, R., Svedin, U., Falkenmark, 
M., Karlberg, L., Corell, R.W., Fabry, F.J., Hansen, J., Walker, B., 
Liverman, D., Richardson, D.,  Crutzen, P. and J. A. Foley. 2009. A 
safe operating space for humanity. In: Nature 461, pp 472-475.

SCB. 1982-2010.  Yearbooks of Agricultural Statistics. Official Statistics 
of Sweden. SCB, Örebro, Sweden.

Smil, V. 2001. Enriching the Earth: Fritz Haber, Carl Bosch, and the 
Transformation of World Food Production. MIT Press, Cambridge, 
MA, 338 pp.

Smil, V. 2002. Nitrogen and food production: proteins for human diets. 
In: Ambio 31, pp 126-131.

Stewart, W.M., Hammond, L.L. and van Kauwenbergh, S.J. 2005. 
Phosphorus as a natural resource. In: Sims, T.J. and Sharpley, A.N. 
(Eds.). Phosphorus: Agriculture and the Environment. American 
Society of Agronomy, Madison, Wisconsin, USA, pp 3 – 22.

Swedish EPA. 2002. Action plan for increased recycling of phosphorus 
from sewage. Swedish Environmental Protection Agency, Report 
5214. Stockholm, Sweden, ISBN 91 620-5214-4. 

United Nations. Department of Economic and Social Affairs, Population 
Division, 2009 World Population Prospects: The 2008 Revision, 
New York.

United Nations. Department of Economic and Social Affairs, Population 
Division, 2010. World urbanization Prospects. The 2009 Revision., 
New York. 

USGS. 2008. U.S. Geological Survey, Mineral Commodity Summaries, 
January 2008.

USGS. 2011a. U.S. Geological Survey. Mineral Commodity Summaries, 
January 2011. Assessed 14.03.2011, available from http://minerals.
usgs.gov/minerals/pubs/commodity/phosphate_rock/mcs-2011-
phosp.pdf

USGS. 2011b. U.S. Geological Survey, Mineral Commodity Summaries, 
January 2011. Assessed 07.04.2011, available from http://minerals.
usgs.gov/minerals/pubs/commodity/sulfur/mcs-2011-sulfu.pdf

Watson, C.A., Atkinson, D., Gosling, P., Jackson, L.R., and Rays, F.W., 
2002. Managing soil fertility in organic farming systems. In: Soil 
Use Management 18, pp 239-247.

William, C., Burnett, M., Schultz, K and Hull, C. D. 1996. Radionuclide 
flow during the conversion of phosphogypsum to ammonium sul-
fate. In: Journal of Environmental Radioactivity 32, pp 33-51.

Zhang, Y. and Muhammed, M. 1990. An integrated process for the 
treatment of apatite obtained from dephosphorization of iron ore. In: 
Journal of Chemical Technology and Biotechnology  47, pp 47-60.

Chapter 4

Claesson, S. and Steineck, S. 1996. Plant nutrient management and 
the environment. Special Report 41, Uppsala: Swedish University 
of Agricultural Sciences. 69+24 pp.

Granstedt A., Seuri P. and Thomsson O. 2004. Effective recycling 
agriculture around the Baltic Sea. Background report. Ekologisk 
Lantbruk Nr. 4 1, Uppsala: Swedish University of Agricultural 
Sciences. pp 48.

Jakobsson, C. 1999. Ammonia Emissions -Current legislation Affecting 
the Agricultural Sector in Sweden. In: Proceedings from an interna-
tional conference on regulation of animal Production in Europe in 
Wiesbaden, Germany, 9-12 May, 1999. KTBL, Germany

Jakobsson C., Andersson R., Lund S. and Sundell, B. 1998. Sustainable 
development of the agricultural sector in the Baltic sea region. 
Baltic Sea Environment Proceedings No. 74, Helsinki Commission. 
123 pp.

Löfgren, S., Steineck, S. and Carlson, G. 1997. Analysis of environ-
mental impact by two hypothetical agricultural production systems 
in Sweden, Denmark and Lithuania by the years 2010 and 2030. In: 
Baltic Sea Agenda 21. Appendix, 12 pp.

Swedish Board of Agriculture. 2007. Manure and environment. Storage 
and spreading of manure, autumn and vintergreen land 106 pp. 
Article nr: OVR141

Chapter 5

Aksomaitienė, R., Gužys, S. and Petrokienė, Z. 2004. Dissolved in-
organic nitrogen and phosphate cycles in different crop rotations. 
In: Transactions of Lithuanian University of Agriculture and Water 
Management Institute of Lithuanian University of Agriculture, 
1(4). 


	ehsa 1_cover.pdf
	FULLTEXT01-31.pdf

