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Human beings are one of the most recent organisms to have developed on the Earth. Their life form is the sum of life processes that have proved durable under the biological development that has been taking place on Earth for over 3.5 billion years. In addition to being made up of carbohydrate, fat and protein, human beings are dependent on a range of substances, called essential nutrients, for their existence. These substances, which cannot be produced by humans but must be supplied via food, include approximately 40 micronutrients, including minerals and vitamins. Recently substances in the plant kingdom have been discovered that are not among these traditional essential substances but that exhibit even better effects on health. These substances belong to the large group of secondary metabolites that are produced within the plant kingdom. 

For an organism to be able to survive for a longer period, it must have an effective and active defence system. The defence system, which is a part of evolutionary inheritance, requires a range of the substances described above in order to function satisfactorily. These substances are either produced by the organism itself or are acquired via the intake of food.

Many illnesses in former times were related to deficiency conditions. Since the mid-1950s chronic diseases have been recognised to be the principal diet-related health problem. It is believed that six out of the ten most frequent causes of death in the USA are related to diet. These include cancer, cardiovascular disease, stroke, diabetes and arteriosclerosis. In foods a delicate balance between trace elements, vitamins and secondary metabolites is essential for health, besides a balance between fatty acids, carbohydrates and amino acids.

Feeding studies and a small body of observational and clinical evidence support that consumption of organically produced food may be beneficial to human health. This could be related to an increase content of mineral nutrient, especially trace elements, vitamins and some secondary metabolites in organically grown foods. Compared with products from wild grown plants, agricultural products are poorer in mineral, especially trace elements, and vitamins. This implies that the benefit of organic grown products may not only be an effect of higher nutritional value. Other important factors that could be involved in enhancing healthy effects of organic produced food are the exclusion of pesticides and the use of disease-resistant varieties and measures favouring production of secondary metabolites.

More and more minerals are proving to be important for the survival of organic systems. Most of these are essential to a range of defence systems. Of the 93 naturally occurring elements, it is said that mammals need about 50 in order to be able to maintain a normal state of health. After the Second World War, rapid technical development has resulted in changes in food production and refining techniques, together with an altered food culture, and has probably resulted in a reduction of important minerals in our diet. Nutrient supply within agriculture has been mainly directed toward providing plants with nitrogen, phosphorous and potassium. In recent years sulphur and magnesium have been discussed, together with certain trace elements such as manganese. This is a long way from the 50 elements that are important for the health and existence of mammals.

A range of measures in agriculture influence the development and chemical composition of crops. It is essentially a question of the whole view that is taken of quality within agriculture, and how plants use the light energy they absorb to produce biomass, as well as other non-biomass related processes. An altogether too powerful stimulation of biomass production in a plant may lead to a reduction in the functioning of other processes and consequently the chemical and nutritional composition of the plant. The model is expressed as the growth-differentiation balance hypothesis.

For example, N-fertilisation lowers the concentration of ascorbic acids, whereas phosphorous and potassium appears to promote the production of ascorbic. Accumulation of vitamin C is increased when the plant is under oxidative stress, such as strong sunlight, drought or herbicides. Carotenoids increase with higher light intensities, but decrease when plant growth conditions are restricted, e.g. owing to a lack of nitrogen or magnesium. Regarding secondary metabolites, data is scarce on their dependence on environment. In ecologically based surveys focusing on plant-environment relationships, it has been shown that when nitrogen is easily available, plants will primarily produce compounds rich in N, e.g. proteins for growth and secondary metabolites such as alkaloids. However, when N becomes limiting, the metabolism will change towards C-containing compounds such as starch, cellulose and non-N containing secondary metabolites such as phenolics and terpenoids. Besides environmental factors, the genetic variation between species and varieties affect the chemical composition.

The qualitative and quantitative production capacity of the cultivation system is a response to the interaction between the biological diversity and the environment. To conclude, the changeover from organic fertilisers to inorganic fertilisers, the increased use of pesticides and the creation of new varieties that have been performed during the last century may have altered these interactions. The most important impacts have been on (a) the mineral nutrient balance, (b) the relation between plant metabolism and defence system and (c) the interaction between micro-organisms and plant.

The varying results from many of the fertilisation experiments may be caused by imbalances arising in the plant because of imbalances in the supply of minerals. Minerals can compete with one another and thereby act antagonistically, causing physiological and biological changes in the plant that will result in an altered chemical composition despite the presence of good concentrations of the mineral in question. Amongst the minerals it is principally trace elements, for example zinc, iron, copper, selenium and chromium, that are important for defence systems in mammal. The trace elements that are essential in plants are important in the production of the secondary metabolites to which many of our vitamins, anti-oxidants, anti-carcinogens and inducers belong. Deficiencies in trace elements in plants lead to reduced secondary metabolite production and thereby to reduced quality in foodstuffs. An imbalanced fertilisation, leading to lower concentrations of the minerals that are essential to animals, together with a disruption in the production of essential or health-enhancing substances in the plant, generally results in an inferior product. Besides the effects of the balance between elements, the form of the elements, for instance ammonium or nitrate, that are taken up by plants will change both biochemical functions and morphology of the plants.

Considering the impact of externally applied pesticides on plant components and environment certain problems arise when evaluating pesticide effects. Firstly, most pesticides are mixed with detergents and other adjuvants, intended to make the plants more susceptible, and thus must be expected to induce various types of stress responses. Secondly, little is yet known about the side effects that can result from the use of pesticides on crops and cultivation systems. Thirdly, a number of common pesticides have been proven to be poisonous to humans, animals and the environment. 

Instead to use pesticides, disease-resistant varieties are used to protect crops from pathogens. Disease-resistance is based on the phenomena that when plants are confronted with pests in the form of pathogenic micro-organisms. They react by producing high levels of phytoalexins, which themselves are very potentially active biological compounds that are not present or present at much lower levels in undisturbed plants. If, however, plants are continuously exposed to pathogenic microbes, they either defeat the pathogens or die, so no crop is taken from them. Thus very high levels of phytoalexins are only rarely observed in foods from susceptible plants. However, the few studies of resistant and susceptible varieties, which have addressed the question of plant defence compounds, tend to find higher levels of defence compounds in the resistant varieties. Therefore, it is impossible today to evaluate if there are health risks with using disease-resistant varieties.

On the other hand, non-pathogenic and plant growth stimulating micro-organisms will also affect plant composition. These biological system is an engine that will create a favourable balance in the uptake of mineral nutrients. Micro-organisms are like plants producers of a heterogeneous mixture of secondary metabolites by which many have shown to interact with plants. They can act as grow regulators or complex binders, and in that way stimulate plant growth and increase uptake of trace elements and vitamin B12. Moreover, the uptake of nitrogen can be better regulated by a close interactive connection between plant roots and micro-organisms leading to a balanced uptake between nitrate, ammonium and amino acids. The presence of micro-organisms in the rhizosphere increases root exudation. The quality of compounds released by plant roots will in turn strongly influence the bacterial composition and activity in the rhizosphere, as shown by the preference of certain bacteria for exudates of certain plant roots. This illustrates that an intricate co-evolution has taken place between plants and microbes. However, in a farming system with long practices of conventional agriculture the soil microbial population may have been changed and the co-evolution altered. To change back the population will probably take several decades. 

