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The increasing reliance on non-renewable resources (in particular, mineral nitrogen,
phosphorus and potassium fertilizers and synthetic chemical pesticides) to sustain current
productivity levels of agriculture are of growing concern, because these inputs have substan-
tial negative environmental impacts and may become too expensive and/or unavailable in
the future [1–3].

Organic farming standards prohibit (mineral N-fertilizer and pesticides) or restrict
(P, K and other micronutrient fertilizers) the use of these non-renewable resources, but
yields in organic farming were reported to be ~25–30% lower than in intensive conventional
farming systems [4].

There is now substantial evidence from meta-analyses of comparative food composi-
tion data that organic crops, dairy and meat products have a more favorable nutritional
composition (e.g., higher mineral, omega-3 fatty acid, phenolic/antioxidant and/or min-
eral concentrations, but lower pesticide and/or heavy metals residue levels) than their
conventional comparators [5–7]. Additionally, a range of observational/cohort studies
have reported that high levels of organic food consumption are associated with a lower
incidence of certain chronic diseases, including overweight/obesity, metabolic syndrome
and cancer [8].

In this context, the aim of the review article by Rempelos et al. [9] in the Special Issue
of Agronomy on “Integrated Soil, Crop and Human Nutrition and Health Management in
organic Agriculture” was to critically evaluate evidence from:

• Long-term, factorial field experiments and retail surveys designed to provide a mech-
anistic understanding of how organic soil and crop management practices produce
healthy crops and deliver the nutritional quality gains identified in meta-analyses [5–7];
and

• Animal and human dietary intervention studies designed to identify the main nutri-
tional drivers (e.g., lower dietary intake of pesticides and/or toxic metals; increased
intake of antioxidants/phenolics and/or mineral micronutrients) for health benefits
linked to organic food consumption [8].

Organic farming minimizes negative impacts of agricultural intensification

With regard to crop health and nutritional quality, Rempelos et al. [9] conclude that
“there is now substantial evidence that the use of:

• Monoculture and short rotations can increase crop species-specific weed, pest and disease
pressure and may lead to (a) greater dependence on synthetic chemical pesticides, (b) higher
pesticide residues being present in crops, and (c) a greater risk of Fusarium infection and
mycotoxin contamination of cereal grains;

• Mineral phosphorus fertilizer can (a) reduce mycorrhizal development on roots and thereby
negatively affect mineral micronutrient uptake and resistance against soil-borne diseases, and
(b) increase cadmium concentrations in crops;
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• Mineral nitrogen fertilizer is associated with (a) a reduction in crop resistance, (b) lower
concentrations of nutritionally desirable phenolics and other resistance-related phytochem-
icals/antioxidants in crops, and (c) increases the risk of Fusarium infection and mycotoxin
contamination in cereal grains;

• Synthetic chemical pesticides in agriculture is responsible for chronic dietary pesticide expo-
sure and may reduce concentrations of certain nutritionally desirable phytochemicals/antioxidants
and mineral micronutrients in crops; and

• Modern short-straw cereal varieties, results in crops that are (a) less competitive against
weeds and more susceptible to certain diseases (e.g., Fusarium, Septoria), (b) have lower
grain protein and mineral micronutrient concentrations, and (c) more susceptible to Fusarium
infection and associated mycotoxin contamination.”

However, it is important to point out that data from long-term, factorial field experi-
ments that quantified the relative impact of agronomic practices and variety choice on crop
health and nutritional composition are only available for a limited number of crops and
pedoclimatic environments [9]. In addition, Rempelos et al. [9] describe that recent retail
surveys of wheat, flour and table grapes suggest that variety choice/genetics, post-harvest
storage and processing, and supply chain parameters can have a larger effect on the nu-
tritional composition of crops than agronomic parameters such as fertilization and crop
protection regimes.

The Special Issue of Agronomy on “Integrated Soil, Crop and Human Nutrition and
Health Management in Organic Agriculture” therefore aims to address these gaps in
knowledge and facilitate the publication/dissemination of additional studies designed to
compare and/or improve:

• organic and/or non-organic (including regenerative) crop production systems
• specific crop management practices (e.g., rotation designs, tillage systems, crop protec-

tion methods, fertilization regimes, and varieties/cultivar selection)

with respect to one or more of the following parameters: (1) crop health, yield and
yield stability, quality and safety parameters, (2) resource use efficiency, (3) environmental
impacts/carbon footprints, and/or (4) cost of production, and/or (5) trade-offs between
these factors.

Observational studies linked organic food consumption to health benefits

Rempelos et al. [9] summarize results from human cohort studies which suggest that
there may be significant positive health outcomes from organic food consumption. Specifi-
cally, they review studies reporting positive associations between organic food consumption
and reduced incidence of pre-eclampsia (a leading cause of maternal and foetal morbidity
and mortality for which inflammation and obesity are risk factors), eczema in infants,
congenital disorders (hypospadias), middle ear infections, cancer, obesity/overweight and
metabolic syndrome. They note that these cohort studies do not prove causality and need to
be interpreted with caution, due to (a) the uncertainties associated with self-reporting-based
estimates of organic and conventional food consumption, and (b) the confounding effects
of well documented differences in lifestyles and diets between organic and conventional
food consumers. However, the available cohort data demonstrate the potential to improve
public health by switching to organic food consumption. For example, a 40% reduction in
obesity alone (which was reported to be associated with organic food consumption in a
large French cohort study) would have a substantial impact on public health and healthcare
costs [10].

Rempelos et al. [9] also reviewed circumstantial evidence from observational and
animal and human dietary intervention studies which indicates that (1) lower pesticide
exposure and higher antioxidant intake may be the main drivers for health benefits from
organic food consumption, and (2) that health impacts may be linked to effects on endocrine
and immune system parameters. Most importantly,

• a recent human dietary intervention study reported that (1) total pesticide intake with
conventional food is similar to dietary intake of the essential mineral micronutrient Cu,
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and (2) a large number of pesticides are suspected or confirmed endocrine disrupting
chemicals and may therefore have effects at very low concentrations [11];

• observational studies comparing (1) human cohorts with high and low pesticide
intakes and (2) high and low organic food consumption reported association between
high pesticide and low organic food consumption, and negative health impacts for a
similar range of diseases including obesity, metabolic syndrome, lymphomas, breast
cancer, and hypospadias [8,11]; and

• factorial dietary intervention studies with rats identified dietary pesticide and (poly)
phenolic intakes as important explanatory variables/drivers for differences in hor-
monal balances and immune-system responsiveness in rats raised on feeds made from
crops produced with organic versus conventional fertilization and crop protection
regimes [12,13].

However, due to the lack of data from clinical trials, they conclude: “Although organic
food consumption was linked to positive health impacts in observational studies, one important
limitation in the currently available evidence is that controlled clinical trials, to confirm and provide
a mechanistic understanding of the positive health impacts of organic food consumption reported in
observational studies, have not yet been carried out”.

The need to change diets and the way food is produced to increase Food Security and Public Health

Rempelos et al. [9] also highlight emerging evidence that:

• health benefits linked to organic food consumption may be greater for consumers with
healthy diets (e.g., individuals that follow current nutritional guidelines to reduce
meat and/or increase wholegrain, fruit and vegetable consumption); and

• the adoption of both healthier diets and organic food production methods may have
synergistic effects with respect to reducing environmental impacts and increasing food
quality, safety and security, and public health.

These conclusions/hypotheses are supported by a recent study by Frehner et al. [14]
who estimated that reducing meat production and changing to more plant-based diets can
reduce environmental impacts by up to 51% and increase diet quality by up to 57%, while
changing to organic farming standards would lead to an increase in the amount of land
area required for food production, unless there is also diet change.

It is important to note that both studies [9,14] highlight that organic produce is more
expensive and that circularity land use principles (e.g., minimizing intensive conventional
soya, maize and cereals to produce feeds for intensive feed-lot red meat production sys-
tems), in addition to diet change and organic production methods, would be required to
substantially minimize environmental impacts and increase the sustainability of the food
system. Frehner et al. [14] point out that shorter supply chains and reducing food waste
will also contribute to improve sustainability, but to a lesser extent.

Overall, the evidence presented by Rempelos et al. [9] supports the underlying philos-
ophy/hypothesis of organic farming—“healthy soils generate healthy crops which lead to healthy
livestock and humans”—which was formulated by Sir Albert Howard and other organic
farming pioneers more than 80 years ago.
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