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Abstract

The ecosystem imbalance imposed by conventional agriculture is characterized by the loss of biodiversity that leads to uneven
biological-energy distribution or to the disequilibrium of photosynthesis and respiration. These changes contribute to the excessive
greenhouse gas accumulation in the atmosphere followed by global climate change. The loss of biodiversity and the technologies
applied in conventional agriculture are additionally involved in the depletion and adulteration of fertile soils and living water systems.
The changes in the ecosystem are further implicated in nutrition security and human health problems. Energy-dense diets with low
diversity and increasing meat consumption become more frequent. As a result, overweight, and the deficiency of micronutrients
and essential phytochemicals with respective health consequences are widespread. Both the environmental and nutritional changes
influenced the global human health by increasing the prevalence of diabetes mellitus, anemia, xerophthalmia, cardiovascular problems,
the risk of cancer and abnormal growth. At the same time, the risks of respiratory and reproductive problems as well as vector
transmitted infectious diseases become more common. The problems and the contexts of tackling the challenges are so complex that
some simple tailor-made solutions are unlikely to function. Two-system approach considering globally important issues on one part
and regionally or locally more impacting issues on the other part when designed and applied simultaneously appear to be promising.
The global approach can deal with green-house-gas emission and climate change, whereas regional and local approach can consider the
local problems of soil and water depletion and pollution, as well as the degradation of biodiversity with special attention to its function
as carbon dioxide sink and essential micronutrient supplier.
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Introduction

Since the middle of the 20* century, conventional agriculture has expanded to tackle human hunger, which was ubiquitous in
South America, Africa, South Asia and some parts in Europe. Natural vegetation is cleared to grow high yielding food crops,
which express their potential with the application of agrochemicals and irrigation systems. Agricultural diversity is replaced
by homogenous production systems that simplify cultural practices and increase labour efficiency. In the years between 1961
and 2005 the global crop production increased by 167%, from 1.8 to 4.8 billion tons while global crop land increased only by
27% [1]. In view of the change of global crop productivity from 1.84 to 3.96t/ha [2], the gain is largely attributed to agricultural
intensification which in essence characterises conventional agriculture.

Following the intensification and expansion of the modern practices the rule of nature which is diverse and self-regulating has
been overtaken by conventional agriculture which is homogenous and artificially controlled. Conventional agriculture is primarily
endowed with yield maximisation, giving little attention to the ecosystem balance and its services. The neglect of the ecosystem
balance compromises the sustainability of food production, nutrition security and public health. It is the purpose of this review to
reflect some of these effects so that they get due attention and priority in policy planning targeted at sustainable and healthy food
production.

Environmental implication

Conventional agriculture is characterized by the production of high yielding, and specialized food crops that express their potential
when supplemented with inorganic fertilizers and protected with pesticides. The inorganic fertilizers are produced by employing
fossil fuel, the resources additionally used to distribute them and the harvested crops around the world. A good proportion (35%)
of the harvested crop is fed to livestock, which are inefficient converters of the food energy to animal products [3]. The cumulative
side effects of homogenization, chemical fertilization, fossil fuel burning to drive machineries, and feeding concentrated foodstuffs
to livestock and the resultant bulk of waste matter, is the release of excessive and critical amount of greenhouse gases to the
environment. Livestock waste matter is both beneficial and harmful depending on the method of disposal and handling. In
specialized and intensified livestock production systems where the waste matter is disproportionately high, the fermentation and
decomposition processes release excessive greenhouse gases to the atmosphere and leach away nitrogen-containing compounds to
water systems polluting and degrading the environment. For example, of the 208 000 tons of ammonia emitted in the Netherlands
in 1993, 181 000 tons originated from manure [4].
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About 50% of the nitrogen applied as fertilizer is lost in the soil, the atmosphere and water bodies causing enormous environmental
consequences at local, regional and global levels [5]. Since the beginning of the 20th century, an increase of three to ten folds of
nitrate (NO,) has been recorded in some water systems close to intensive agricultural enterprises [6]. The level of atmospheric
nitrous oxide (N,O) has increased by 20%, from below 270ppb to more than 320ppb since the beginning of industrial revolution;
with most of the change occurring starting the 1950s [7].

Fertilizer production and use as well as fossil fuel burning have caused the global nitrogen cycle to change [8]. The cumulative
effect of the disproportional conversion of fossil energy to fertilizer and to mechanical energy that transport inputs and outputs
around the world is an imbalance in the ecosystem [9]. The resultant effect on the environment include increase of atmospheric
pollutants (e g. CH,, NO_, N, O, tropospheric ozone) and CO, leading to climate change, soil and water acidification, shifts in
species composition and loss of biodiversity, and eutrophication in the coastal marine water ecosystem [10].

Inorganic fertilizers such as ammonium sulphate, ammonium nitrate and urea can aggravate the process of acidification on old
soils, which have been cultivated for many years. Nitrogen fertilizers produce nitrous and nitric acids (HNO, and HNO,) during
the nitrification process in aerobic soils. A long term study (5 — 10 years) on the effects of nitrogen fertilizers in the soil chemistry
in Kenya and West Africa moist Savannah indicated an increase in soil acidity to a level of below pH 5.5 [11].

Nitrogen oxides and nitrous oxides can be released from intensive agriculture to the troposphere and react with water molecules in
the presence of sunlight to produce ozone (O,). Tropospheric ozone is an important component of smog. If the nitrogen emissions
from fertilizers are deposited in terrestrial and aquatic ecosystems, they can cause acidification, eutrophcation and shift in species
diversity [12]. Nitrous oxide is the most potent greenhouse gas in trapping heat and contributing to global warming. It is also
involved in the destruction of stratospheric ozone, the layer that protects the planet earth from harmful ultraviolet rays.
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Figure 1: The impact of conventional agriculture practices on the environment

Soil acidity

Leaching of nitrate to water systems can increase its concentration in drinking water and downstream surface water system. Since
the beginning of the 20" century an increase in the concentration of nitrate in the range of three to tenfold has been recorded
in some water systems close to intensive agricultural enterprises [13]. Leaching nitrogen and phosphate fertilizers to estuaries
and other coastal marine environment can cause eutrophication resulting in the blooms of nuisance algae, toxic organisms, and
anaerobic condition that are lethal to fish [14].

Steady increase in agricultural production to feed the ever growing world population has not only been a function of high yielding
varieties, fertilization and pest control but also that of continuous supply of fresh water. At global level, 40% of agricultural crops
are generated from 16% farmland watered by irrigation systems [15]. Excessive and uncontrolled drawing of irrigation water has
lead to water wastage, the decline of underground water and the scarcity in clean and fresh water. In global arid and semiarid areas,
uncontrolled irrigation is degrading farm areas due to increased salinization and water logging [15].
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Trees provide organic substrates, maintain soil structure for air circulation and soil water holding capacity, and control soil erosion.
Intensive agricultural practices distract the vegetation, soil life and other essential functions leading to the decline in soil organic
matter or soil carbon. In agricultural areas of temperate zone the soil carbon declined by about 50% in the last 25 years, the loss in
tropical area is more dramatic [6]. Consequently, the soil fertility, water holding capacity and carbon dioxide sink are declining.

High yielding crop varieties are often vulnerable to environmental stresses associated not only to climate change, but also to pest
and disease invasion. Some industrial chemicals are applied commonly to control the invasion. The chemicals used for this purpose
can destroy beneficial insects. Sometimes resistant harmful pests flourish and destroy the main crops. The loss of biodiversity
attributable to these practices can result in the disruption of the ecosystem services including pollination, water retention, nutrient
cycle and climate regulation [16].

Implications to nutritional security

As the soil pH decreases below 5.5, the availability of soil aluminium and manganese increases and reach a level of toxicity, which
restricts plant root growth and functions, reducing the uptake of nutrients and water [17]. At similar low soil pH, phosphorus reacts
with soil minerals such as iron oxide rendering it unavailable for root uptake. Aluminium toxicity and phosphorus deficiency,
which can be inflicted by inorganic fertilizers, constrain crop production in acidic soils [18]. A quantitative evidence on the impact
of soil acidity on crop yield is not known, but some controlled experiment on the effects of the treatment of acid soils with lime
and triple super phosphate in combination with living mulch showed about three-fold increase in yield [19].

Microbial activity in the soil and in water, produce nitrogen oxides as the result of normal nitrogen cycle. Human activities,
including the spread of slurry, the application of N-fertilizer, the combustion of fossil fuel and bio-fuel for energy generation
release nitrogen oxide. These anthropogenic activities bring the nitrogen cycle out of balance and result in the accumulation of
nitrogen oxides in the troposphere. In the presence of sun light, the nitrogen oxides react to produce ozone. Since the industrial
revolution, the ozone concentration in the troposphere has increased by two to three folds [20]. Ozone induces early senescence
and abscission of leaves, reduces stomata aperture deceasing carbon uptake or photosynthetic carbon fixation, reduces transport
capabilities via phloem decreasing the translocation of nutrients to edible plant parts (grains, fruits, pods, roots), and decreases
the ability of some genotypes to withstand climate stresses. As a result, ground-level ozone pollution is already decreasing global
crop yields by ~4% for maize, ~10% for wheat and ~12% for soybean [21]. The global crop loss in 2000 due to ozone is estimated at
79-121 Mt, worth US$11-18 billion [22]. This effect is not local to where ozone is emitted, but it spreads across the continents. On
global scale, the pollution from South East Asia imposes the biggest impact causing the loss of about 6.7 million tonnes of wheat
and 11.6 million tonnes of rice each year [23].

High-level fertilizer application for boosting agricultural productivity can result in the eutrophication of water bodies and decline
in seafood harvest. People are producing increasingly more reactive nitrogen and phosphorus in their daily activity and they
induce the in flux of these nutrients to the coastal water at a rate that far exceeds their natural production [24]. This stimulates
the fast growth of phytoplankton with the effect that less light penetrates the water body reducing the growth of macro algae and
sea-grass, which reduce feed availability, shelter and reproduction provision for small water animals. At the same time, the oxygen
availability declines and worsens the negative effect. The cumulative outcome is reduced fish population below and possibly above
the oxycline. In addition, some harmful species (marine microalgae and heterotrophic dinoflaglates) bloom in the water body
due to eutrophication and can prove lethal to fish, or can have sub-lethal and chronic impacts to both fish and human health.
Depressed feeding, impaired reproduction and weak immunity are some of the pervasive effects [25]. Eutrophication is likely to
be aggravated where river discharge and fertilizer use increase [26].

Advances in agricultural technology enabled the production of surplus cereals that can more than satisty the food energy
requirement of the global population. Even though it has been possible to reduce hunger in many countries, about one billion
people are still chronically underfed because of the limitations in physical, economic and social access to food [27]. At the same
time, the availability of disproportionally high amount of cereals is implicated in the nutrition transition phenomenon characterised
by simplified diets and lack of dietary diversity. All leading to what is now known as the double burden of nutrition, which in one
part is characterised by overweight and obesity and on the other part with micronutrient deficiency. The fundamental cause of
overweight and obesity is energy imbalance between calories consumed and calories expended. Globally there has been increased
intake of energy dense-diets that are high in soluble carbohydrates and fat [28,29]. The consumption of increasing level of food
and meat since 1960s [30-32] as well as sedentary life style can be implicated in obesity epidemic. According to USDA (2001) [33],
the Americans consumed 530 kcal/capita/day more food in the beginning of the 21* century than in 1970; and that of 1970 was
more than that of 1950.

The overdependence on only a few cereal species for food, particularly in the developing world, caused the neglect and loss of
a variety of nutrient rich foodstuffs including livestock products, leading to the spread of micronutrient deficiency problems.
Micronutrient malnutrition is an extensive health problem that can be linked to the lack of dietary diversity [34-36] Over two
billion people mostly poor women, infants and children, who consume inadequate food, low in diversity including lack of livestock
products, are iron, iodine and/or vitamin A deficient; several other micronutrients including zinc, selenium, riboflavin, ascorbic
acid and cyanocobalamin are limiting in the diets of a vast number of people in many regions of the world [37]. The puzzling
nutritional issue in the world of today is the coexistence of malnutrition (under nutrition) and over nutrition.
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Figure 2: Nutritional health implications of conventional agriculture

Health implications

The application of inorganic fertilizers to soils could substantially increase crop yield and curve some of the hunger and
micronutrient deficiency problems, particularly in the poor regions of the world. Improvement in the dietary situation could
additionally strengthen the immune system against parasitic and infectious diseases. The challenge is, however, fertilization
imposes changes to nutrients cycle and affects human health well beyond the associated benefits of increased production.

Much of the grain production resulting from conventional agriculture is used for livestock feed and the industrial production of
food with intensified soluble carbohydrates. At the same time there has been some increase in both food and meat consumption
at regional and global level [30,31] Even though there are some conflicting views, overconsumption could have contributed to the
recent development in overweight, obesity, heart and type 2 diabetes problems [38]. Some associate the health problems to the
nature rather than to quantity of fat by stating that substituting unsaturated fat for saturated fat can prevent cardiovascular diseases
[15]. Some others indicate that the intake of fat including unsaturated fat has been linked to higher risk of type 2 diabetes, but the
association is BMI and age dependent [39]. In general, though many hold saturated fatty acids (like the fat from animal origin)
as risk factors for cardiovascular diseases, some recent studies have produced conflicting results [40]. It is, however, important
to note that, the lipids in the muscles of ruminants, though dependent on the animal diet, often consist of higher proportion
saturated fatty acids which are supposed to be risk factors for cardiovascular diseases in humans [41-43].

In conventional agriculture, locally available traditional foodstuffs are replaced by easy to prepare crops such as rice, wheat, maize
and potatoes [36,44]. Nutrient rich sorghum, millet, wild rice, which involve lengthy preparation and cooking, as well as pulses
and vegetables are neglected. As diverse as they are, diets that consist of traditional foodstuffs can cover the requirements for
essential micronutrients (vitamin A, Fe, Zn and folic acid) and their bulk minimizes energy concentration and the risk of obesity,
cardiovascular problems, diabetes and cancer. The lack of diversity including livestock products is linked to the deficiency of
vitamin A, Fe and Zn [45]. Low intake of green and yellow vegetables and fruits [46,47] is associated with inadequate intake of
carotenoids, non-nutrient phytochemicals or dietary polyphenols and omega-3 fatty acids. These are associated with reduced risks
of cancer and the antioxidant property that protect the body against other chronic diseases (cardiovascular diseases, diabetes, and
macular degeneration as well as neurodegenerative disorders) [48-51]. With the reduction in agricultural and dietary diversity, the
availability and accessibility of spices decline irrespective of their antioxidant and insulin modulating property with anti-diabetic,
anti-inflammatory, anti-mutagenic and anti-carcinogenic effects [52,53].
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Anthropogenic activity leading to increased emission of nitrogen oxides results in the pollution of atmospheric air and drinking
water to a level that results in public health problem. High concentration of nitrogen oxides in the atmosphere (>40mcg/m*
which is the European standard for the protection of human health) or long-term exposure to lower concentration can affect
the respiratory system [54]. In this regard, Kampa and Castanas [55] mentioned that symptoms of nose and throat irritation
could follow the exposure to increased level of nitrogen oxide. Nitrogen oxides can also increase the susceptibility to respiratory
infection in that they decrease the activity of alveolar macrophages that are significant in preventing pneumonia [56]. In addition,
they can cause lung damage through peroxidation of membrane lipids or lipoproteins, each of which increases cell permeability,
leading to inflammatory injury. Especially in young children, domestic nitrogen oxides can stimulate asthmatic reaction leading
to broncho-constriction [57].

Information about the global groundwater nitrate status is scanty, but high concentration in groundwater with potential serious
health consequences is widespread across EU [58]. Agricultural activity counts to the major source of the pollution; in England, for
example over 70% of the surface and groundwater NO, originate from such activities [59]. In developing countries, the possibility
of ground water pollution can be associated with increasing fertilizer application. The potential for pollution in irrigated soils of
Asia and humid tropics of Africa is high especially if the efficiency of N-fertilization is poorly managed [60].

Atmospheric nitrogen reacts naturally with rainwater to form nitrate and ammonium ions, which are absorbable and utilisable by
plants. Nitrate is common nitrogenous compound that belong to a balanced nitrogen cycle. However, anthropogenic sources such
as the application of nitrogen rich fertilizers and concentrate animal feeding operations increase its concentration in groundwater
[61]. Levels of nitrates in groundwater in some cases reach a level that exceeds the maximum limit (10ppm nitrate N maximum
limit for safe drinking water, or 45ppm nitrate) proposed by EPA [62] and poses a threat to public health.

The major public health problems that can be associated to the contamination of groundwater with excessive nitrate include
methaemoglobinia, reproductive disorders and cancer. Health hazards of consuming water that is contaminated with nitrate
are related to the toxicity of nitrite, a molecule that can oxidize haemoglobin to methaemoglobin, a derivative with poor
affinity to oxygen. Methaemoglobinia is especially common among infants (“blue-baby syndrome”). In normal conditions, the
methaemoglobin is destructed by naturally occurring enzyme the methaemoglobin-reductase. However, this enzyme is not active
enough in infants until the end of the first 6 months of age. As a result, infants and young children are more sensitive to nitrate
toxicity. In places like India the risk of methaemoglobinia is high because the nitrate concentration in water is more than the
minimum contamination level [63].

Conclusive evidence regarding the human reproductive effects of nitrate toxicity is not available. But some research on animals
has depicted that toxic level of nitrate in drinking water can cause abortion, intrauterine growth restriction and birth defects
[64]. The mechanism by which nitrate/nitrite influence the fetus is not clear particularly in view of the difficulty of mothers’
methaemoglobin to cross the placenta. Some suggest that nitrate or its reduced form nitrite may pass to the fetus through an active
transport system and the fetal nitrate plasma level may exceed that of the mother [65]. In any case, in-vitro studies revealed that
nitrite oxidizes cord blood haemoglobin to methaemoglobin at a rate 5 to 6 fold greater than that of adult blood [65].

There is conflicting information about the carcinogenicity of nitrate or nitrite. Some are convinced that several types of cancer
are associated with long time high nitrate intake [67,68]. Nevertheless, others doubt the involvement of the molecules in the
aetiology of cancer neither in adults nor in infants [69-71]. Some argue, however, nitrates stimulate endogenous formation of
N-nitrosamines, a group of compounds strongly implicated in cancer risk [72].

High-level anthropogenic nitrogen oxides react with atmospheric oxygen in the presences of sunlight to produce tropospheric
ozone (O3). Tropospheric ozone is global air pollutant and an important greenhouse gas, with pervasive impacts on human health
and the environment. Harmful levels of tropospheric ozone are shown in Table 1. Exposure to harmful levels of ambient ozone is
associated with reduced lung function, exacerbation of asthma and premature mortality [73].

Ozone concentration (ppm)

8 hours average AQI Air quality descriptor
0.0 - 0.064 0-50 Good
0.065 - 0.084 51 - 100 Moderate
0.085 - 0.104 101 - 150 Unbhealthy for sensitive
groups
0.105-0.124 151 - 200 Unhealthy
0.125 - 0.404 201 - 300 Very unhealthy

Table 1: Air quality index (AQI) for ozone by EPA
Source: EPA 2008 [74,75]

Some controlled laboratory studies indicated that lung function decreased after exposure to high level of ozone (160 — 700 mcg/
m?), even though a lower level (<120mcg/m®) could also influence the lung function when the body is stressed by increased
physical activity such as cycling [76].
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Despite the efforts to control tropospheric ozone, its concentration has more than doubled to 35 - 40 ppb since the industrial
revolution. In some areas of Latin America, North America, Europe and Africa peak values tend to trespass the WHO guideline
value of 50 ppb [77].

The imbalance in nitrogen cycle, which results in the increase of nitrogen concentration in surface water, is associated with some
vector borne diseases. In this regard, Townsend et al [78] have produced some evidences that show positive correlation between
nitrogen concentration in surface water and the larval abundance of malarial mosquitoes (Anopheles sp) as well as the carriers of
La Crosse encephalitis and West Nile virus.
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Figure 3: Toxic and infectious health implications of conventional agriculture

The problems of nutrition security and health, that are associated with conventional agriculture, as well as the contexts in which
the challenges are to be tackled, are so complex that simple tailor-made solutions are unlikely to function sustainably. Two-system
approach that deal separately and/or simultaneously with global, regional and local more impacting issues could produce good
results. The global approach can consider green-house-gas emission, climate change and related impacts such as earth warming,
desertification and over-flooding. The local approach can deal with soil erosion, contamination, underground water depletion,
surfaces water pollution, vegetation clearance and loss of biodiversity in microenvironment with special attention to their role
as carbon-sink and micronutrient suppliers, and associated problems of nutrition insecurity and human diseases. Both of the
approaches analyze the environment and the ecosystems at different scopes; they design management programs that focus on the
restoration and conservation of the ecosystems; improve the human nutrition and health status; develop technologies that could
curve the problems in a sustainable manner; and establish monitoring and control mechanisms that functions regularly. Even
though the global and local systems approach differ in some way, they synergize and support each other in order to reach similar
goals of attaining sustainable nutrition security, human health improvement and environment maintenance.

Conclusion

In view of the lack of sustainability of conventional agriculture and its negative environmental, nutritional and health implications,
the revision of the current food production systems becomes imperative. The challenges for scientists, policy makers and their
institutions lie not only in the fight against hunger and “hidden hunger” but also most importantly in the search of suitable and
sustainable links between agriculture, nutrition and human health. In this regard, the role of agricultural biodiversity, particularly
in the maintenance of the balance of the nutrient cycle, biological-energy-equilibrium, and the well-being of the environment,
human nutrition and health can prove indispensable.
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