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1. Introduction 

It is well known that a deficiency or imbalance of the mineral supply* is unhealthy and has a negative influence on animal and human welfare. Preventive measures to ensure animal welfare are given high priority in organic agriculture  QUOTE "(DEBIO, 1997)" 
(DEBIO, 1998)
. It is therefore essential to have reliable knowledge about the mineral content in both fodder and products from organic agriculture. This knowledge also has relevance to parts of conventional agriculture, especially low-input farming systems.

It is a common view that with a more balanced system, with stock under less production pressure, grazing swards with a diverse botanical composition and low nitrogen fertilisation,  mineral and trace element nutrition should be less of a problem than in conventional systems. However, this opinion needs to be verified (R. Keatinge, pers. com.). Focus on this topic is increasing regarding both animal husbandry and food for humans, and we have too little knowledge to meet the demands for information. We consider that it is an important strategy to increase the competence on mineral supply in organic agriculture, and to establish relations among a range of scientific institutions that will be involved in research on these topics in the future. 

Due to the differences in production regimes, it is probably incorrect to recommend the same mineral supplements in organic agriculture as for conventional farming. In addition, the regulations for organic agriculture put restrictions on what mineral sources that can be used as supplements  QUOTE "(DEBIO, 1997)" 
(DEBIO, 1998)
. Instead, a versatile fodder ration is recommended to minimise the need for mineral supplements. Organic husbandry is increasing, and it is important not to design these new production systems in a way that might result in problems with the mineral supply. Among advisers and farmers, the need for information is increasing. This programme therefore focuses on the mineral supply for ruminants in organic farming and on potential solutions to possible deficiencies or imbalances.

* Mineral supply  = minerals available for animals.

Mineral supplements  = minerals added to fodder. 

2. Objectives

Principal objective

Investigate and evaluate the mineral supply for ruminants in organic farming systems with minimum purchase of fodder in various districts of the country, and develop methods to optimise the mineral supply. These methods may imply adaptation of feeding and cultivation practises. 

Sub-goals

· Increase expertise on the mineral supply for ruminants in organic farming systems 

· Identify possible factors related to an unbalanced mineral supply for ruminants on organic farms 

· Identify  the level and variation of mineral content in ley herbage on organic farms

· Obtain an improved basis for recommendations on feeding and cultivation practises adjusted to the local needs of ruminants on organic farms 

3. Background and justification 

3.1. Mineral status in organic animal husbandry

In organic farming systems, self-sufficiency and maximum utilisation of local resources is a main objective  QUOTE "(DEBIO, 1997)" 
(DEBIO, 1998)
. Hence, much less fodder is purchased in organic than in conventional farming  QUOTE "(Kerner and Solberg, 1993)" 
(Kerner and Solberg, 1993)
. The animal manure produced on the farm is by far the most important fertilisation source in organic farming. In case of nutrient deficiency, one may, with an exemption from the Debio-regulations, only use limited amounts of rock phosphate, potassium salts, and trace elements. In addition to farmyard manure, conventional farming systems use mineral fertilisers, which contain N, P, K, Ca, Mg, S and Cl and often also Cu, Fe, Mn, Mo, Zn and Se. 

The minerals available for plant production in different soil types and the variation in the content of elements and the amount of precipitation strongly influence the plants’ uptake of minerals. This is reflected in the mineral content of fodder in conventional agriculture  QUOTE "(Kähäri and Nissinen, 1978; Paasikallio, 1978; Bakken et al.  1994)" 
(Kähäri and Nissinen, 1978; Paasikallio, 1978; Bakken et al.  1994)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1DF:\5CPROG\5CWINPROG\5CWinRM8\5CSISSEL\03\00\042506\10Paasikallio 1978\00\10\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1DF:\5CPROG\5CWINPROG\5CWinRM8\5CSISSEL\03\00\041501\1ABakken, Dimby, et al. 1994\00\1A\00 
. Because of the limited purchase of nutrients to the organic system, the plants’ mineral content will likely be determined by soil and climatic conditions to an even greater degree in organic than in conventional agriculture.

Organic herbage often contains more legumes (Pettersson, et al. 1998; QUOTE "(Ebbesvik, 1998)" 
 Ebbesvik, 1998)
 and "weeds" (M. Ebbesvik, pers. com.) than conventional ones. Legumes have a higher content of Mg, Ca, B, Mo, S, and a slightly higher content of Cu than grasses  QUOTE "(Bergmann, 1993; Marschner, 1989)" 
(Bergmann, 1993; Marschner, 1989)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1DF:\5CPROG\5CWINPROG\5CWinRM8\5CSISSEL\03\00\041325\09Marschner\00\09\00 
. Increasing the content of dicotyledonous weeds has been found to raise the content of P, Ca and Mg in the herbage  QUOTE "(Nesheim, 1986b)" 
(Nesheim, 1986b)
. Hence, a difference in mineral content in fodder between conventional and organic farms is to be expected. This was observed at the Öjebyn research centre in northern Sweden, where a larger concentration of Ca, P, Mg and a smaller concentration of K were found in organic herbage compared with conventional (S. Jonsson pers. com.).

Organic animal husbandry uses only small amounts of concentrates with minerals (Ca, P, Na, Mg, Cu, Se, Zn, Mn, I and Co) and vitamins added. The total amount of concentrates given to dairy cows on organic farms is about 20 % of the feeding ration per year, compared with about 40 % on conventional farms  QUOTE "(Strøm and Olesen, 1997a)" 
(Strøm and Olesen, 1997)
. 

A moderate level of production in organic farming systems leads to reduced mineral demand. The average annual milk production per cow in Norwegian organic farming is around 5000 kg, compared with 6300 kg on conventional farms  QUOTE "(Strøm and Olesen, 1997b; Ebbesvik, 1993)" 
(Strøm and Olesen, 1997; Ebbesvik, 1993)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1DF:\5CPROG\5CWINPROG\5CWinRM8\5CSISSEL\03\00\041193\0DEbbesvik 1993\00\0D\00 
. A 550 kg cow milking 20 kg per day needs about 93g Ca, 78g P and 37g Mg, whereas the same cow milking 30 kg needs 118 g Ca, 96 g P and 45 g Mg per day (AFRC Tecnical Sommittee Report No. 6 (TCORN 6)).

3.2. Minerals of special interest 

Deficiency of the minerals S, P, Mg, Na, Co and Se  QUOTE "(Minson and Wilson, 1994)" 
(Minson and Wilson, 1994)
 in the fodder reduces the roughage intake. A large intake of roughage is the basis for meeting both mineral and energy demands of cattle in an organic farming system.

An expected problem related to mineral supply in animal production systems with low input is deficiency of the macrominerals P, S and Na. In addition, the cation-anion balance (CAB) and the Mg content are important to investigate because of well-known problems (milk fever and grass tetany) in conventional agriculture (Horst, Goff, et al. 1997, Blood and Radostits, 1989). In this programme we will only look at the Ca level in the fodder to evaluate the Ca/P-ratio. Studies of possible problems with Na-deficiency will not be done, except in the preliminary survey, because Na-deficiency is easy to prevent by supplying salt.  

Among the microminerals, Se, Co, Cu, Mo and I are of special interest because of problems found in conventional agriculture. Seaweed is rich in I and is a mineral supplement that fits well into the concept of organic agriculture. Therefore, I-deficiency will not be considered in this study except in the preliminary survey.

Phosphorus (P): Lack of P manifests itself by depressed feed intake, poor growth, and in more severe cases, osteodystrophy and so-called "hunger sterility” (Blood and Radostits, 1989; Kirchegessner, 1997). Increasing the content of Ca in fodder rations with a low P-content will reduce the utilisation of P. In organic farming systems, higher content of Ca and lower content of P in the diet than in conventional farming systems can be expected because of more roughage (rich in Ca, poor in P) in the fodder ration, and higher portion of legumes and “weeds” (rich in Ca)  QUOTE "(Bergmann, 1993)" 
(Bergmann, 1993)
. Hence, P-deficiency can be a concern in organic milk production dominated by roughages. 

Sulphur (S): N and S are essential elements for the synthesis of proteins. An adequate amount of S in the forage as well as the proper ratio between N and S are important. Increased level of S in the diet leads to increased feed intake and dry matter digestibility and improved N balance, all of which may result in increased meat, milk and wool production (Tisdale 1977) In an investigation on 13 organic farms around Norway, the forage was found to have a generally low S content  QUOTE "(Haglund et al.  1998)" 
(Haglund et al.  1998)
. Because protein production is particularly high at the peak lactation of dairy cows, it is important to investigate if the supply of S is sufficient around peak lactation.

Magnesium (Mg): Mg-deficiency occurs especially in cattle, and is manifested by acute convulsions – hypomagnesemic tetany (Blood and Radostits, 1989). The occurrence of hypomagnesemic tetany in grazing animals may be associated with patterns of fertiliser use, a high rate of application of K reducing the availability of Mg (Hvidsten, 1987). High intake of protein reduces the absorption of Mg (Blom & Jensen 1996).

Less Mg-deficiency can be expected in ruminants in organic farming systems than in conventional farming systems because of low K fertiliser rates in organic farming and lower losses of K in milk.

Sodium (Na), chloride (Cl) and potassium (K): These macroelements play an important role in maintaining the osmotic gradients, ionic exchange and normal neural functions. Because high concentrations of K hamper the uptake of Ca and Mg, it is important to know the K-content of the fodder.  The content of Na in plants are low, and the mineral must also be supplemented for ruminants in organic farming system; larger supplements are required in the inland than in coastal areas. 

The balance between the cations K+ and Na+ and the anion Cl- (CAB) in the cows’ daily ration in the dry period is known to have an important role in relation of milk fever. The CAB also affects milk production. While a negative CAB is favourable to prevent milk fever QUOTE "(Horst et al.  1997)" 
(Horst et al.  1997)
, a negative balance seems to have a negative effect on the cows’ milking capacity (Sanchez and Beede, 1996). Little is known about the CAB of organically grown roughages in Norway.

Selenium (Se): Fodder plants in Norway have partially extreme low Se content, and Se deficiency has been a severe disease, especially for inland ruminants (Frøslie 1980, 1990, 1993, Moksnes 1986). Se and vitamin E are important antioxidants. The best known Se-deficiency problem is probably degeneration of the muscles of lambs recently let onto pasture in spring (Pehrson 1993). Recent investigations in Norway indicate that a low content of Se late in the pregnancy might result in increased risk for mastitis (Kommisrud 1998).
In evaluating the Se supplement, one has to consider vitamin E status (Øvernes et al. 1994) and the considerable variation of vitamin E content in roughage. (Frøslie et al. 1989).

Data not yet published show that a considerable fraction of the calves and young animals in beef production in eastern Norway had inadequate Se levels (Flåøyen, unpublished). It is not yet known whether this is true also in organic farming.

Cobalt(Co): Co is an essential micromineral for ruminants. It is one of the elements in vitamin B12, a vitamin produced in the rumen in ruminants. Vitamin B12 is important for metabolism in ruminants; the clinical manifestation of Co deficiency is unthriftiness and defective growth of calves and lambs. Co deficiency was formerly a common problem along the western coast of Norway, and the supply is still insufficient or marginal in these areas (Sivertsen & Plassen 1996). Co deficiency still occurs sporadically, especially as white liver disease, “kvitleversjuke”, in lambs (Ulvund 1996). Lambs with no Co reserve left from the raw-milk period may stop growing in the middle of the grazing period due to Co deficiency. In some cases this may result in death  QUOTE "(Ulvund, 1995)" 
(Ulvund, 1995)
. Without any supply of Co, deficiency may be a problem in organic sheep production.

Copper (Cu) – molybdenum (Mo): Cu is both essential and toxic. Cu deficiency used to be a regular problem in cattle and sheep in Norway, especially along the coastline but also in certain inland areas. The problem has been eliminated in conventional farms because Cu is now added to feed concentrates and mineral supplements. 

The major clinical manifestation of Cu deficiency is unthriftiness, and “sway back”, a neural form (ataxia) in lambs (Radostits et al. 1994). A low level of Mo in the fodder leads to Cu accumulation in the liver and the risk of acute Cu poising in sheep. Mo works like a metabolic antagonist since, especially in the rumen, it makes complexes with Cu and S that are poorly available to the body  (coppertiomolybdat). Therefore, it is important that the ratio between Cu and Mo in the fodder is balanced (Radostits et al. 1994). There is little knowledge about the Cu/Mo ratio in ruminants in organic agriculture, and it cannot be ruled out that in organic sheep farming there might be Cu deficiency and in some occasions Cu poisoning. Cu poisoning is normally not a problem in cattle and will not be considered in this study. 
3.3. Research related to the subject of the planned program

In the project ”Agronomy and economy in ecological farming- 13 whole farm case studies” (1993-1996) very little milk fever was observed in cattle  QUOTE "(Strøm and Olesen, 1997a)" 
(Strøm and Olesen, 1997)
. Records were kept over 7 years on 11 farms (a total of 180 cows). Although the cows in the project were older than average, and therefore should have been more exposed to milk fever  QUOTE "(Blom and Jensen, 1996)" 
(Blom and Jensen, 1996)
, they showed less milk fever than average for the livestock in the national health recording system for cows. The mineral content in fodder might have been an important factor in this. 

A grass survey on 138 conventional farms in Nordland is of special interest  QUOTE "(Nesheim, 1986b)" 
(Nesheim, 1986b)
. The mineral content in the herbage was found to vary with survey year, soil type, soil nutrient content; in addition, it increased with increasing content of dicotyledonous weeds and decreased with stage of development. However, in that study the effect of the forage’s mineral content on the animals’ welfare and production was not investigated.

A large literature exists on mineral nutrient deficiencies in animals  QUOTE "(Kirchgessner, 1997)" 
(Kirchgessner, 1997)
, but very little has been published on these matters related to organic farming. Some investigations are going on, however.

In Germany, the Research Group of Organic Animal Husbandry, University of Kassel, is among the leading experts in the field of mineral supply and mineral metabolism in cattle. They have observed that the need for Ca and Mg is mostly covered in the roughage in organic dairy production in their district, whereas the need for P is not covered. For Na, even the maintenance requirement was not covered.  Furthermore, they observed that it was very difficult to get a balanced mineral supply through addition of mineral supplement if the diet was very unbalanced {E. Boehncke, pers. com.}

In England a survey has just been done of mineral nutrition on organic farms. These are located in areas that tend to be deficient in trace elements, particularly Cu, Co and Se. Most of these farmers considered their farm be at risk and had altered their management and/or were routinely supplementing by various methods (R. Keatinge, pers. com).
Many analyses of fodder minerals have been made in the "Öjebyn-project", which is ongoing in the north of Sweden. The farm is divided into an organic and a conventional part. The systems differ in botanical composition of the swards, (ca. 30% clover in organic and 15% in conventional) and field nutrient balance. Because extra minerals was offered, the effect of forage composition on the animals could not be investigated (S. Jonsson, pers. com.).

In Finland there is an ongoing project on organic animal husbandry that is studying the mineral content of organic silage and pastures (J. Rajala, pers. com).
At the Agricultural University of Norway an organic dairy production unit has been run since 1991. The unit has a very low import of nutrients (3% of the energy requirement), and as a part of an ongoing research project, “Resource utilisation in organic and conventional systems with crop and dairy production”, groups of animals are fed different levels of farm-produced concentrates (H.Steinshamn, pers. com.). 

Many of these surveys are very useful for increasing our knowledge of mineral supply for ruminants in organic farming. However, because of differences in soil parent material, climate, cultivation and foddering techniques, results of mineral surveys from abroad cannot be directly transferred to Norwegian conditions. 

4. Hypotheses 

General

a. Ruminants on organic farms with diet dominated by roughage without mineral supplement lack some essential minerals in their diet in some periods. 

b. The degree of mineral shortage depends on the production level, the composition of the fodder, the botanical composition and developmental stage of the crop, fertilisation, soil and climatic conditions. 

c. Recommendations for mineral supply and supplement for cattle in conventional agriculture fully apply to organic agriculture 
Macrominerals:

Dairy cows in organic production systems have enough Mg in their diet throughout the year, but are at risk for deficiency of P and S around peak lactation.

Microminerals:

Deficiencies of Se, vitamin E, Co and Cu are a risk in cattle and sheep on organic farms.

5. Methods

5.1. Initial survey 

Approximately 30 organic farms that have maintained organic dairy and/or sheep production for several years, grow mainly fodder crops, and purchase only small amounts of fodder, will be investigated. The farms will be selected from areas with different climate and soil type, and will have available soil survey data recorded at Jordforsk. 

Samples from herbage (only sown ley) will be collected at the first and second harvests in summer 2001 and 2002. Three samples will be taken from fields with the dominant soil type on the farm. The botanical composition of the field will be assessed with the same method as used in the grassland survey in Nordland  QUOTE "(Nesheim, 1986a)" 
(Nesheim, 1986a)
 according to  QUOTE "(Vries, 1962)" 
Vries de (1962)
. Each of these three samples will consist of a composite sample from 4 randomly chosen 0.5 m2 plots. From the composite sample, a sample of approximately 1 kg fresh weight will be randomly taken and sorted into grass, clover and dicotyledonous weeds. From the rest, a sample will be taken with a grass auger for chemical analysis. The content of total Na, Cl, K, S, Ca, Mg, P, Mn, Fe, Cu, Zn, I, Co and Mo in herbage samples will be analysed with standard analytical methods. The herbage content of protein and digestibility will be measured with Kjeldahl-N and in vitro analysis. Red clover will be sorted out and dried for analysis in other projects. The developmental stage of grass and clover will be assessed according to Moore et. al (1991) and Ohlsson & Wedin (1989). Adjustments in the sampling methods will be done in the detailed programme plan. 

The soil on the farms will be classified according to former soil samples and available information from Jordforsk, NIJOS and NGU, and if necessary supplemented with chemical analyses. Climatic data from the nearest meteorological stations (DNMI) will be used. Fertilisation practise and previous crops will be derived from farmers’ management data. 

The mineral levels in herbage will be compared with standard values  QUOTE "(Bergmann, 1993)" 
(Bergmann, 1993)
. The effects of crop's botanical composition and developmental stage, fertilisation, soil and climatic conditions on the mineral content of the herbage will be evaluated with regression analysis, principal component analysis and other relevant statistical methods. 

The mineral content in the roughage will be estimated based on the measured mineral content in the herbage and literature data for components not measured. To evaluate whether the mineral content in the fodder meets the ruminants' needs, the level of the mineral content will be compared with earlier investigations in conventional agriculture and with standard recommendations (TCORM 6 norm).

In addition the total mineral content in the whole fodder ration, the relationship between minerals that influence each other, like Ca/P, S/N, K/Mg, Cu/Mo, and the CAB will be estimated. Based on this the total mineral supply and balance will be evaluated, and recommendations for possible change will be given based on local conditions.

5.2 Further investigations based on the initial survey

5.2.1 Macrominerals 

Considering the P, S and Mg amount in the fodder ration for dairy cows found in 5.1, farms with suspected deficiencies of these minerals will be selected. On these farms more exact determination of the Ca, P, S and/or Mg-content in the whole fodder ration, including pasture, will be done and compared with TCORN 6 norms. P and Mg in the urine will be measured in order to improve the detection of P and Mg deficiency.  P will be measured in urine from the period around peak lactation. 

We will have a more specific study of macrominerals related to the project, “Resource utilisation in organic and conventional systems with crop and dairy production” at AUN. In this project, forage samples from ley and green forage are taken on two occasions before harvest, at harvest, when ensiled, and when the ensiled material is fed to the animals. Botanical composition and stage of development are determined in samples taken before and at harvest. For pasture, forage samples will be taken during the whole grazing period before and after a field is grazed and in cages protected from grazing. The forage's content of Kjeldahl-N, P, K, ash, fat, crude fibre and NDF and in vitro digestibility will be determined according to standard procedures. In the present programme these mineral determinations will be supplemented with analyses of Mg, Ca and S, and the content of all the macrominerals in the whole fodder-ration will be compared with TCORN 6 norms and evaluated. The samples will be stored and can be used for further chemical analysis of other minerals. 


5.2.2. Microminerals 

Survey of Se and Cu: Soil analyses for Se and Cu in the Jordforsk database and analyses of total Se and Cu in herbage done in the year 2001 in the present programme will be used to select areas suspected of Se and Cu deficiency. 

Blood samples from cows or sheep from farms in these areas will be collected in March to April 2002 and analysed for Se and Cu. The results will be evaluated against aknowledged marginality/deficiency values (< 0.10 / < 0.05 ug Se/ g blood (Øvernes 1993, Jukola 1993); < 0.5 ug Cu/ ml plasma in cattle, < 0.2 ug Cu/ ml plasma in sheep (Radostits et al. 1994).

The analyses will be performed at the National Veterinary Institute, Oslo, using atomic absorption spectroscopy (AAS). Analyses of Cu and Se in forages and soils will also be done with AAS. By this initial investigation, we will get a picture of which areas we can expect to have a deficiency of Se and/or Cu. 

Herbage and supplementary soil analyses taken in summer 2002 will be used to study the interaction between soil, forage and animals regarding Se and Cu. 

Supplementation of Se for cattle and sheep: Herds and flocks will be selected where the Se concentration in the pooled sample indicates Se deficiency. Depending on the number of animals in each herd or flock, the animals will be randomly divided into groups in autumn and winter 2002/2003. They will be fed seaweed flour in addition to the ordinary diet. Different doses and methods for seaweed flour supplementation will be tested. The concentration of Se in the blood from animals belonging to the different groups will be measured regularly throughout the autumn and winter. The Se concentration in blood (by AAS) from calves and lambs from cows and ewes from the different groups will also be measured.

Specific analysis for Cu and Co in sheep flocks: Farms located in districts where Cu or Co deficiency is known to have occurred, or flocks where the Cu or Co content in feed/blood analysed was low will be investigated. Previous soil analyses of Cu and Co in the Jordforsk database will also be used to select vulnerable farms. Supplementary analyses of Co and Cu in soil and forage will be done with AAS.

When analysing Cu concentrations in blood plasma, we can only diagnose animals with deficiency or acute toxicity, not animals at risk of becoming poisoned. When analysing liver tissue, we can also predict the risk for an animal or group of animals to become deficient or chronically poisoned. In autumn 2002, liver tissue from lambs and sheep from current flocks will be collected at the abattoir. One pooled sample will be analysed for Co and Cu (AAS). This analysis will be supplemented with analysis of Mo in the fodder.

 Supplementation of Cu  for cattle and sheep: Herds and flocks where the Cu concentration in the pooled plasma sample is low and where the Cu concentration in the pooled liver samples for both adult lambs and sheep indicate a risk for Cu deficiency will be included in the study. Depending of the number of animals in each herd or flock, in autumn and winter 2002/2003 the animals will be randomly divided into groups and given Cu supplementation. Different doses and methods for supplementation will be tested.  After analysing all samples of blood and liver, tissue will be stored for possible later analyses for other minerals.

6. Information

The knowledge that will be developed by this programme is increasingly being demanded, and the results will provide valuable information to farmers, both organic and conventional farmers, especially those with low-input farming systems. The results will contribute to increased animal welfare.

Scientific  publications to be expected on:

· Mineral content in organically produced forage as influenced by soil type and climatic conditions, botanical composition and stage of development.

· Mineral supply for cattle and sheep in Norwegian organic farming systems; status and possible deficiencies.

· Risk for deficiencies of phosphorous, sulphur and magnesium related to peak lactation of dairy cows in organic production systems.

· Se nutrition and risk of Se deficiency in organic dairy and sheep production in Norway. 

· Cu and Co nutrition, deficiency and toxicity risks in organic dairy and sheep production in Norway.

· New approaches in mineral management on organic dairy farms in Norway

Publications directed to advisory services

These publications will include background information and recommendations on mineral supply in Norwegian organic sheep and dairy farming for advisers on farmers adapted to local conditions. The recommendations will be provided by leaflets as well as papers in Norwegian and Scandinavian agricultural magazines and will be included in the Technical Guide on Organic Farming (edited by NORSØK).

Miscellaneous

The results of the programme will be disseminated on technical meetings and workshops. 

7. Resources and professional position

The programme will give the participating institutes increased expertise in scientific work in organic agriculture. The expertise will cover several disciplines, and establish a close inter-institutional co-operation.

The theme of mineral supply to plants and animals plays an important role in NORSØK’s activities, as reflected in the Strategic Plan (1999-2003) in the chapter “Soil resources, plant nutrients and organic matter, at farm level and in food chains” and in the chapter ”Animal production, animal welfare and preventive health-work”. As a small part of the strategic institute programme ”Alternative veterinary medicine and biological plant protection”, NORSØK has already started investigations on the mineral content in organically and conventionally grown roughage. The aim is to evaluate whether the roughage cation-anion balance and mineral nutrition in general differ in the two farming systems with respect to prevention of milk fever. 

Specialisation in soil resources, plant nutrition and organic matter at farm level and in food chains is well established at the institute, and we want to strengthen and develop this expert group. For NORSØK, it is important to increase the scientific competence of the staff by the PhD position included in the program. We wish to establish interdisciplinary expertise focussing on mineral nutrition and the circulation of minerals from soil to animal fodder at -- farm ecosystem level.

NORSØK has a wide experience in on-farm research and co-operating with organic farmers and advisers. Our well-established network with these groups, will be an important resource in carrying out the programme. This also facilitates implementation of the results in practical farming. 

The programme focuses on soils, plants and animals, and several experts from different institutions are therefore involved. Expertise on animal diseases and animals' mineral needs is provided by the three institutions Norwegian School of Veterinary Science (NSVS), the National Veterinary Institute (NVI) and Agricultural University of Norway (AUN), Department of Animal Science (DAS).  NSVS will employ Dr. Arvid Steen, who will be responsible for the investigations in animals. In addition Dr. Tore Sivertsen (NSVS) and Prof. Knut Hove (DAS) will provide expert knowledge.

NVI is responsible for chemical analyses of microminerals and will have a close co-operation with the scientist employed at NSVS. NVI has a central position in blood and tissue analyses and in interpretation of the results. 

AUN, Department of Soil and Water Science (DSWS) by Professor Bal Ram Singh is responsible for the supervision of the PhD student at NORSØK. Production methods with increased emphasis on recycling of plant nutrients and reduced potentials of pollution are given a high priority in the research of this group. Expertise from this group will be included in the proposed program. A close connection will be obtained through the work of the PhD-student in microminerals Peder Lombnæs.  He will work with release, supply and plant uptake of microminerals in organic farming.

The Norwegian Crop Research Institute, Kvithamar Research Centre, by Dr. Lars Nesheim will provide expert knowledge  in roughage production and sampling methods  in leys. This institute by Dr. Anne Kjersti Bakken has planned a research project “Legumes as sources and sinks for the trace elements Mo, Cu and Co in herbage.” A close connection with the present programme will be developed. . 

The Department of Crop and Horticulture Science and Department of Animal Husbandry, Agriculture University of Norway (Dr. Håvard Steinshamn and Dr. Erling Thuen) Has an ongoing project on “Resource utilization in organic and conventional systems with crop and dairy production”. A close connection with the present programme will be developed. In their project they focus on energy balances and input/output relationships. We will use their material for mineral investigations as outlined in methods (5.2.1)

International contacts:

NORSØK participates in the newly started EU-COST-action working group on Animal Health and Welfare in Organic Agriculture. It is a logical step that within this proposed program links will be established to this group, especially when this group meets in Norway in two years time. 

Meanwhile we have established contact and co-operation with other groups working with mineral supply in organic agriculture.  Among theme is the group at ADAS Redesdale, England (contact person Dr. Ray Keating). Here we have the possibility that a PhD student stays for a training period within this group. A similar contact we have with the University of Kassel (Germany), Research Group Organic Animal Husbandry. This group is especial valuable regarding to methodological aspects.

10. Ethics

We cannot see any ethical problems in carrying out the planned programme.

11. Implications for the environment

The main focus of the programme is on improving animal health and well being. To a limited degree it will influence environmental aspects by improving the possibility for farmers to use less imported resources in animal production.
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