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ABSTRACT
Turkey is divided in three main phytogeographical regions; one of these is the
Mediterranean. The total gene pool of wild species and land races of cultivated plants
has a great potential in the plant cover of this region. The studies undertaken in this
region revealed that large levels of fertilizers, in particular nitrates, are used in
thousands of greenhouses and on the farms, most of these being used unknowingly. A
large number of producers apply both inorganic as well as organic fertilizers. The
amount varies between 40–75 kg/da fertilizer, which is tenfold of the average
recommended for the area. The excessive use of these fertilizers under long periods
of drought to leads accumulation of nitrates in plants, which in turn poses a great
threat as a potential pollution source for the soils and waters of the region. This paper
presents an overview of the results published on the nitrate pollution and accumulation
in the plants of this region.
Keywords: Turkey, Mediterranean region, Nitrates, Fertilizers
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INTRODUCTION
Nitrogen as an important part of plants is one of the most abundant elements on
the earth, but its deficiency is probably the most common nutritional problem
affecting plant growth globally. The nitrogen in soil that might eventually be used
by plants has two sources—nitrogen containing minerals and the vast storehouse
of nitrogen in the atmosphere. The nitrogen in soil minerals is released as the
mineral decomposes. This process is generally quite slow and contributes only
slightly to nitrogen nutrition on most soils. In the soil it exists in three general
forms—organic nitrogen compounds, ammonium (NH4+) ions, and nitrate (NO3–)
ions. At any given time, nearly 96 percent of the potentially available nitrogen in
the soil is in organic form either in plants or animal residues (manure, residues of
forage legumes, etc.), relatively stable soil organic matter, or living soil organisms,
mainly microbes such as bacteria. This nitrogen is not directly available to plants,
but some can be converted to available forms by microorganisms (Fig. 2.1) (Ozturk
and Secmen 1995). The concentration of this essential element in the plants can be
as high as 4–5 percent of the dry matter. It is impossible to generalise the
profitability of use of nitrogen fertilizers. These are used to help fill the feed gaps
on large number of farmlands. However, it is necessarry to establish if there is a
need for extra pasture to feed the animals before using nitrogen. Application of
nitrogen fertilizers to the pastures is an important management practice at many
places. The principles governing their use are not affected by differences between
the pastures, but differences in growth patterns can prove effective to increase the
production.
Fertile soils contain large amounts of nitrogen in plant and animal residues,
animal excreta and humified soil (Whitehead 1995). This nitrogen is not taken up
by the plants. But microbial breakdown of these leads to the plant available nitrogen
with its release in ammonium forms through mineralization, and a part is converted
to nitrate forms (nitrification). These processes are influenced by both soil water
availability and temperature. The amount of plant available N in soil at any one
time (the ammonium and nitrate pools) is usually relatively low under irrigated
conditions, at 10–15 kg N/ha in the 0–30 cm horizon. The majority of this is in the
ammonium form and the amount of nitrate can be as low as 1 kg N/ha. The rate
of mineralisation of organic-N in soils can limit the plant growth. When the available
N supply is less than that required for potential grass growth, the plant will respond
to N fertilizer.
The quantity of nitrogen released from any of these materials depends on the
composition of the material, particularly its ratio of carbon to nitrogen, and the
weather. When microorganisms decompose manure and alfalfa residue having
C/N ratios of 10:1 to 20:1, net mineralization occurs because the microbes are
releasing nitrogen from the residue faster than they can utilize it (Guleryuz et al.
2009). On soils containing large quantities of NH4-rich clays, however, nitrogen
supplied by the mineral fraction may be significant in some years.
A very small amount of organic nitrogen may exist in soluble organic
compounds such as urea that may be slightly available to plants. The majority of
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plant-available nitrogen is in the inorganic NH4+ and NO3-forms. Ammonium ions
bind to the negatively charged cation exchange complex of the soil and behave
much like other cations in the soil. Nitrate ions do not bind to the soil solids
because they carry negative charges, but exist dissolved in the soil water, or
precipitated as soluble salts under dry conditions. Some NH4+ and NO3– may also
exist in the crystal structure of certain soil minerals, and may be quite available.
Immobilization and mineralization by microorganisms are most rapid when
soils are warm and moist, but not saturated with water. The quantity of inorganic
nitrogen available for crop use often depends on the amount of mineralization
occurring, and the balance between mineralization and immobilization (Guleryuz
et al. 2009). The nitrogen cycle contains several routes by which plant-available
nitrogen can be lost from the soil. Nitrate-nitrogen is usually more subject to loss
than ammonium-nitrogen. Significant loss mechanisms include leaching,
denitrification, volatilization, and crop Fig. 2.1. The nitrate form of nitrogen is so
soluble that it leaches easily when excess water percolates through the soil. This
can be a major loss mechanism in coarse-textured soils where water percolates
freely, but is less of a problem in finer-textured, more impermeable soils, where
percolation is very slow. Denitrification can cause major losses of nitrogen when
soils are warm and remain saturated for more than a few days. Crop removal
represents a loss because nitrogen in the harvested portions of the crop plant is
removed from the field completely. The nitrogen in crop residues is recycled back
into the system and is better thought of as immobilized rather than removed.

Fig. 2.1. A schematic representation of the nitrogen cycle (modified from Öztürk ve Seçmen, 1995).
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Anthropogenic activities aimed at enhancing food production facilitate
accumulation of nitrates in plants and affect the quality of soil and water resources
adversely. The reason being when input of nitrogen exceeds the demand, plants
are no longer able to absorb it, and nitrogen builds up in the soil, mostly as
nitrates. This causes imbalance of nutrients in the soil and increases the nitrate
level in groundwater supplies, which influences the nitrate content of plants,
especially the leafy vegetables (Vieira et al. 1998; Dapoigny et al. 2000; Nosengo
2003; NAAS 2005; Anjana et al. 2007 a,b,c). At the same time, long periods of
drought also result in an accumulation of nitrates in plants. When more soil nitrogen
is present than that needed for maximum growth, some plants tend to accumulate
nitrate even without environmental stress. This response is particularly true with
hardy soil feeders like sorghum, noted for “luxury consumption” of certain
nutrients.
Farmers generally apply excessive amounts of nitrogenous fertilizers to their
crops as an insurance against yield losses. The situation in Turkey is not different
in particular in the mediterranean phytogeographical region, which is characterized
by dry hot summers and moderate winters, with low precipitation. The soils are a
mixture of old and newer soils, but distinctive terra rossa soil is widely distributed
in the region. The bare and steep slopes, broad floodplains and torrential forms
are the main kinds of landforms. It is an area of megadiversity of important food
crops, pasture and range land species. The total gene pool of wild species and
land races of cultivated plants has a great potential in its flora. Excessive levels of
nitrogen in the form of nitrate have been found in some groundwaters in the
region. Well waters, especially from shallow wells, are sometimes high in nitrates.
Similarly, runoff from feedlot grounds is reported to be high in nitrite (Atilgan et
al. 2007). The aim of this review is thus to present an overview of the current
situation on the nitrate accumulation in the plants in the Mediterranean part of
Turkey.
FERTILIZERS AND NITRATES
The role of fertilizers came to forefront in the 19th century. After the discovery of
potassium and phosphorus as the key elements in the growth of plants, these
were easily added to the soil due to their presence in huge amounts on earth.
However, the same was not true for nitrogen. The programme for the synthetic
production of nitrogen began, and for the first time, Fritz Haber, a Chemist
produced ammonia from the atmospheric nitrogen and hydrogen. He was awarded
a Nobel Prize in 1918. The industrial production of nitrogen fertilizer was given a
start through the joint efforts of Karl Bosch and Haber, and in 1913, a factory
with the production capacity of 60,000 tons was established in Germany. This
method is still used in the production of nitrogenous fertilizers. Today, the amount
of nitrogenous fertilizers produced has reached a level of around 175 million tons.
The developments in this direction followed the trend in Turkey. The first fertilizer
production was started in 1939 at Karabuk. In this iron and steel factory, sulfuric
acid and ammonia gas were used to produce ammonium sulfate (21%N), followed
by the production of super phosphate. An impetus was given to the production
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from 1954 onwards when nitrogen industry was developed with facilities in
Kutahya, Samsun, Gemlik, and Elazig. In 1984, the name of this industry was
changed to Turkey Fertilizer Industry Inc. (TÜGSAŞ) as an entire state-owned
institution. However, with the decision of the Supreme Council of Privatization,
TÜGSAŞ was privatized in 1998, but in the year 2000, Elazig Fertilizer Industries
Inc. was transferred to Firat University. Presently, the total production is nearly
six million tons. Out of this 35–40 percent is provided by TÜGSAŞ, 25 percent by
Toros Fertilizers, and 15 percent by Gübretaş. The import of fertilizers increased
after the year 2000 at a level of 110 percent as compared to 1996, but has decreased
to 3 percent after 2005. Toros Tarim Mersin Factory (Figs. 2.2, 2.3) is a fertilizer
production complex producing ammonium nitrate (26–33 percent nitrogen) and
diamonium phosphate (18 percent nitrogen and 46 percent P2O5). In the ammonium
nitrate unit, calcium ammonium nitrate (CAN) fertilizer with 26 percent nitrogen
is produced together with ammonium nitrate with 33 percent nitrogen. In the
main production units, 5,94,000 tons/year CAN and 1,50,000 tons/year DAP are
produced. It produces 38 percent of CAN, and 28 percent of DAP out of the
countries’ total production.

Fig. 2.2. A general view of Toros Tarim Mersin Factory alongside the Mediterranean coast in Turkey.
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Fig. 2.3. Fertilizer use (tons) (Ministry of Agriculture and Rural Affairs—On the basis of Sales).

Fertilizers like urea, ammonium nitrate and diammonium phosphate (DAP)
have single chemical compound with more than one element, and mixed ones like
nitrogen, phosphorus and potassium blends, nitrogen and phosphorus blends and
nitrogen and nitrogen blends have more than one chemical compound. They have
different contents and ratios of nitrogen (Fig. 2.4).
Nitrogenous fertilizers are the most important input in agicultural production.
Several reports suggest that some forms of N are more effective for plant growth
than others. Annually, the N2O levels in the atmosphere increase by 0.2–0.3 percent
globally (Bacon 1995; Abdalla et al. 1998). Asian countries consume 48 percent of
the total fertilizer production in the world (Yilmaz 2004). When applied
insufficiently, losses in yield and quality occur, however, overusage causes washing
of nitrogen and phosphorous fertilizers away, leading to the pollution of surface
and groundwaters and air pollution with the emission of nitrogen oxides (Guler
2004; Atilgan et al. 2007). All nitrogen materials are usually manufactured from
ammonia. Such materials are less expensive, more concentrated, and just as plantavailable as the organics used in the past. The readily available soluble forms of
nitrogen are anhydrous ammonia and aqua ammonia, ammonium nitrate, urea,
non-pressure nitrogen solutions, ammonium sulfate, and ammonium phosphates.
The rate at which these should be applied depends on the weather and soil
conditions. When the soils are warm and moist, decomposition proceeds rapidly,
and nitrogen released may be significant, but when the soils are cold and wet, or
very dry, nitrogen release may be very much less than expected.
There are two major types of fertilizers consumed in the Mediterranean region
of Turkey. These are solid soil chemical fertilizers and liquid leaf fertilizers. The
former includes ammonium sulphate, ammonium nitrate, diammonium phosphate,
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micro- and macronutrients. These provide nutrients and improve the soil structure
as well. Some synthetic organic fertilizers (Ormin K, Biyofarm, NOF, Organica,
Coplex, Orgevit, liquid and powder organic fertilizer, liquid and powdered chicken
manure) are also used. The maximum levels of nitrogen used in the region are 10
times more. The situation for phosphorus, potassium, magnesium, iron, zinc,
manganese, and copper is much worse (Kaplan et al. 2001). The danger increases if
we consider the waste water effluents from the factories established to meet the
increasing fertilizer demand. The wastewater effluents of fertilizer factories contain
ammonium and nitrate nitrogen levels well above the limits specified in the
regulations (Anonymous 2004).
NITRATES AND LIVING BEINGS
Ammonium nitrate fertilizers are more complex in their mode of action. The
ammonium portion is immediately available in the rumen and is passed across the
rumen wall leading to an increase in the blood ammonia levels very shortly after
consumption. The nitrate fraction, accumulates in the rumen and is converted to
nitrite before crossing the rumen wall, creating nitrate poisoning conditions. Toxicity
due to nitrates can be either acute or chronic (Hill 1999; Bjorne et al. 2004). Acute
toxicity is expressed when nitrite enters the bloodstream in large quantities and
oxidizes the ferrous iron of hemoglobin to the ferric form producing methemoglobin,
which cannot transport oxygen and results in methemoglobinemia (Szaleczky 2000;
Fewtrell 2004). It has been reported that unless immediate relief is provided, a
proportion of methemoglobin that reaches to approximately 70 percent or more of
the total hemoglobin may be fatal. The methemoglobinemia cases are generally
restricted to anemic adults who genetically have high methemoglobin levels in
their blood, and the situation is visually prominent in infants under 3 months of
age and is known as blue baby disease (Al-Redhaiman 2000). The reports published
by some researchers reveal that nitrate, nitrite and some other compounds can get
converted to nitrosamines in human and animal digestive systems, which could
have carcinogenic effects (Atilgan et al. 2007).
The reports show that over 80 percent of the total nitrate intake in humans
originates from vegetables and some part from the drinking water (Croen et al.
2001; Anjana et al. 2007 a,b,c). Although the risks have not been fully evaluated,
several developed countries have established maximum permissible levels for
nitrate concentration in vegetable food crops, and other countries are considering
the establishment of similar standards. As a result of increasing pollution of sources
adjacent to agricultural activities, the World Health Organization has set a limit of
10 mg of nitrate nitrogen per litre in domestic water supplies (Van Diest 1986;
Pionke et al. 1990; McPharlin and Aylam 1995). Research has shown that high
concentrations of nitrate in plant food can decrease the level of ascorbic acid, a
known inhibitor of the formation of carcinogenic compounds that contain nitrite.
There are acute and chronic effects of nitrate poisoning in animals (Cash et al.
2004). When acute poisoning occurs, most animals die before any signs of toxicity
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are observed. Death usually occurs within a few hours of feeding (Al-Redhaiman
2000). The clinical signs of acute poisoning are increased heart rate, blue-grey
mucous membranes, excess saliva and tear production, weakness, depression,
laboured or violent breathing, staggered gait, frequent urination, vomiting, muscle
tremors, low body temperature, disorientation and an inability to get up. Animals
are found in a lying position after a short struggle.
Chronic nitrate toxicity is a form of nitrate poisoning where the clinical signs
of the disease are not observed. It is more common to see a reduction in the rate
of weight gain, lower milk production, depressed appetite, and a greater
susceptibility to infections. These production-related problems or losses are not
often recognized and will occur when nitrate levels are at 0.5 to 1.0 per cent of the
feed consumed (on a dry weight basis). This type of poisoning can cause abortions
within the first 100 days of pregnancy by interfering with the implantation of the
egg in the uterus. Calves affected by nitrate poisoning in the last 3 months of
gestation are usually born 1 to 4 weeks premature, and most appear normal but
die within 18 to 24 hours of birth. Newborn calves that survive, but are affected
by nitrate poisoning, may have convulsions and seizures. Nitrates reduce thyroid
gland activity and therefore, the metabolic rate of the animal, causing a depression
in appetite and lower weight gains. Animals exhibiting signs of distress from chronic
toxicosis may appear uncoordinated, belligerent, or have uncoordinated hind quarter
movement, together with diarrhea, and eye lesions (Al-Redhaiman 2000; Gupta
2006).
In the Mediterranean region the greenhouse agriculture is intense, at many
places drinking water pipelines are lacking and the wells in the vicinity are used
by the labourers working in the area as well as by local inhabitants. A large number
of these greenhouses lack drainage systems. The excess irrigation water thus moves
into deeper parts of the soils and gets mixed up either with the groundwater or
reaches the wells lying in the vicinity of the greenhouses or farms, thus polluting
not only the waters but also producing adverse effects on soil flora. In some cases
the nitrate concentration is (45 ppm) above the levels recommended by WHO
(Kaplan et al. 1999). Nitrate contaminated well water, consumed along with certain
feeds that are high in nitrate, can pose health hazards to domestic animals. These
waters may cause livestock losses. Occasionally, when water contains insufficient
nitrate to be toxic by itself, it may add to the toxicity of nitrate-containing feeds.
Nitrite in water is 10 times more toxic to animals compared to nitrate in feeds.
The critical toxic level of nitrate varies according to the animal group (Smith
and Guthrie 2004). Molybdenum, copper, iron, magnesium and trace elements such
as manganese, are effective in the nitrate to ammonium conversion. Therefore, in
animals are feed with plant material lacking these elements, toxic effects of nitrite
occur in higher levels. The animals fed on a single type hay or silage with high
nitrate content are most likely to get poisoned. Depending on the nitrate content
of plants in the grasslands, poisoning can be seen in grazing animals. The symptoms
start within 1-2 hours after the consumption of high nitrate feed; negative effects
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canola plants, kochia, nightshade, smartweed, and white ragweed (Gastal and
Lemaire 2002). Critical level of nitrate varies between 2000–2500 ppm in forage
crops, which is related to drinking water. Cereal crops are usually planted into
well fertilized, manured or recently plowed/broken grassland or pasture. These
crops are also harvested at an early stage of development (milk to dough stage)
when they contain the highest nitrate content. Some plants usually do not require
soil available nitrogen due to the presence of nodules on their roots, which absorb
gaseous nitrogen from the atmosphere and convert it into ammonia and
subsequently other forms of plant nitrogen with the help of Rhizobium bacteria
located in the nodules through nitrogen fixation contributes up to 85 percent of
the nitrogen content in plants.
Studies on the effect of nitrogen rate and its comparison with the production
of plants has revealed that after applying different amounts of nitrogenous
fertilizers to the plants in a farmland, an increase is observed in the plant growth
at 50 kg N/ha as compared to 10 and 25 kg, but overapplication of nitrogen, 75
and 100 kg adversely affects the plant growth, depression in growth being more
prominent at 100 as compared to 75 kg, through a decline in the final dry matter
production. The cumulative adverse effects become more significant following
applications for a few years. This stresses the fact that low to moderate rates of
nitrogen should be used to strategically increase plant production on the farmlands.
In addition, the component of the nitrogen-fixing species and seasonal effects of
the application on a farmland are important in the nitrogen nutrition of the plants
used for feeding animals (Fig. 2.5). Usually, economic responses to nitrogen
fertilizers can be obtained following application in late winter, provided there are

Fig. 2.5. Responses of plants after applying 50 kg N/ha to two farmlands in different seasons.
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sufficient other companion species that can grow well at that time of year. Generally,
fertilizers change the plant composition of farmlands, and plant response to nitrogen
is best when it limits their potential to grow and the level of response depends
largely on its deficiency at that time. Sometimes responses which are not economic
can also occur when fertilizers are applied during autumn-early winter. Lower
nitrogen application rates reduce potential changes in the composition of farmlands
because some plants are stimulated less than with heavier applications.
The levels of nitrogen in the farmland species get affected by the rotation
length and rate of fertilizer applied. Rotational grazing is widely practised on
irrigated lands. The use of nitrogen is well suited to this form of farm management
because resting between grazings gives time to respond to the applied fertilizer
before it is grazed again. The length of a pasture rotation affects the quantity of
pasture grown within each rotation, but also can change the relative response to
nitrogen (Fig. 2.6). When rotation on the farmland is short, there is loss of response
to nitrogen fertilizer and in the case of marginally responding plants, this affects
the economic application of the fertilizer. Although N rate increased the N content
of the pasture, the effectiveness of the fertilizer in achieving this declined with
increased rotation length. Generally, if weather conditions are favorable for plant
growth, plants take nearly a month from the time of application to the next grazing,
to respond adequately. Under less suitable growth conditions, it will take longer
for most of the response to occur. Therefore, the rotation needs to be extended
by an appropriate amount. Consumption by stock of relatively small amounts of N
fertilizer granules can be toxic to the stock. Dissolving the nitrogen fertilizer
granules by irrigation or rainfall before allowing stock access to the pasture should

Fig. 2.6. Effect of nitrogen rate and rotation length on plant nitrogen content.
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reduce any potential problems with stock consuming fertilizer on the pasture or
from spillage from a spreader.
Several studies have indicated that plant responses could be much greater when
nitrogen is applied within seven days after grazing (Fig. 2.7). The timing of the
application of nitrogen is probably more critical with lower rates of fertilizer applied.

Fig. 2.7. Cumulative response of plants after single application of nitrogen at different times.

Plant growth varies from day-to-day and week-to-week throughout the season.
The frequency of nitrogen application to plants greatly influences the production,
but not the response. Plant responses with less frequent applications will fluctuate
depending on nitrogen application. However, residual effects of the fertilizer on
plant growth are often small in comparison with the initial response obtained
after application.
The repeated use of nitrogen to increase the production within a short period
reduces legume growth, unless the amount of nitrogen applied during this period
is restricted. In the case of fields with a mixture of grass and legume, 50 kg N/ha
applied over a season is not effective in the production of legumes, but if 100 kg
N/ha is applied, total legume production is significantly reduced. The application
of 50 and 100 kg N/ha over a season to a cereal-legume field has no significant
effect on total legume production (Fig. 2.8). At the same time total dry matter
production in such fields (Fig. 2.9) shows that the effect of intensive nitrogen use
in the cereal-legume field is related to the quality and possibly milk production
due to relatively low digestible cereal domination in the field.
Nitrogen fertilizers are used widely in banana plantations in our Mediterranean
region. Its use over a number of times in a year to maintain a higher rate of plant
growth and with the expectation that it will fill the feed gaps may limit the feed
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(a) Grass–Legume

(b) Cereal–Legume

Fig. 2.9. Production of two fields after applying 0 or 20 or 40 kg N/ha.
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availability for prolonged periods. The consequences of repeated applications need
to be understood if its use is to remain economical.
An excess use of nitrogen fertilizers results in the accumulation of potentially
harmful nitrate concentrations especially in the leaves of edible plants like spinach,
lettuce, cabbage, etc. (Lorenz 1987; Alt and Fuller 1988; Luo et al. 2006; Anjana et
al. 2007 a,b,c; Anjana et al. 2009 a,b). In general, the harmful effects originating
from an overuse of nitrogenous fertilizers in the plants are bad quality of fruits
(thick peel, spongy, not resistant) (Fig. 2.10), decrease in the resistance to drought,
cold, diseases and pests, soft tissue and cell walls, fast growth followed by lying
of whole plant and thus lower grain yield, but increased shoot growth, and finally
monetary loss. The spinach and chenopodium leaves contain nitrate in concentrations
higher than the recommended daily intake limits (Anjana et al. 2007 a,b,c). (Roorda
van Eysinga 1984; Dich et al. 1996; Turkdogan et al. 2003; Anjana et al. 2007 a,b,c).
Generally, healthy plants often contain 3–4 percent nitrogen in the shoots, which
is a higher concentration than many other nutrients. The important winter crops
like celery are grown on the soils rich in nitrogen. A supplemental fertilization is
essential for optimum production. Nitrogen fertilizers are seldom applied because
soil oxidation generally supplies celery’s requirements. There are situations in which
nitrogen applications can be reduced or eliminated when a crop follows nitrogen
fixing plants. Application of nitrogenous fertilizers used in the dairy farms is very
important to increase the plant production and help reduce expected feed gaps.
Therefore, strategic nitrogen fertilizer use is defined as its addition to increase
plant growth. The benefits of applying these fertilisers are best with responsive
plants, but at present no soil test is available for predicting the response of such
fertilizers. However, indicators of responsive plants are obvious urine patches
after pasture topping, pale green colour in the plants (Fig. 2.11), and decrease in
the efficiency with increasing rates of fertilizer application.

Fig. 2.10. Nitrogen related developments in the orange symptoms in fruits (high nitrogen-left, optimum
nitrogen-right).
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Nitrate content of plants is moderate in the leaves as compared to the stem
and roots, whereas in high-energy grains it is rather low. The form of nitrate
fertilizer applied is effective on the nitrate content of the plants. The results
published by Aktas et al. (1993) show that in corn accumulation of nitrate was
higher after an application of ammonium sulfate nitrate as compared to ammonium
nitrate. Generally, the nitrate content in plants decreases with maturity, however,
fodders containing high levels of nitrate do not show a decrease in the level of
nitrate (Seay 1996; Smith and Guthrie 2004). Ahmed et al. (2000) have shown a
reduction in nitrate content due to increasing phosphorus fertilization. The reason
being growth reduction associated with limiting phosphate, which results in an
increase in the root-shoot ratio, dry matter content, concentrations of sugars and
organic acids, and reduction in the concentration of nitrate in the shoots (Buwalda
and Warmenhoven 1999). Nitrate accumulation has also been studied in relation
to some other chemicals. Foliar application of salicylic acid, molybdenum fertilizers
and nitrification inhibitors and calcium can materially reduce the nitrate content
of plants (Tzung et al. 1995; Ahmed et al. 2000; Zhou et al. 2000; Xu et al. 2005). In
lettuce leaves, sugar levels and free amino acid concentrations increase under high
supply of calcium and replace nitrate in the vacuole of the lettuce cell (Ahmed,
1996). There exists a negative correlation between the nitrate content and sulfate
content in the lettuce plant (Blom- Zandstra and Lampe 1985) and, therefore, sulfur
deficiency might lead to an increase in nitrate content. The nitrate levels in most
crops (cabbage, carrot, beet, tomato, onion and potato) have been reported to
decrease significantly under the influence of humic acid as well as zeolite (CardenasNavarro et al. 1998, 1999; Nazaryuk et al. 2002). Accumulation of salt in the soils
can alleviate nitrate accumulation in vegetable crops to high fertilization and poor
water supply, the water potential of the soil may become so negative that salination
takes place and plants take up and accumulate nitrate as an osmoticum to adapt to
water conditions. In such a situation, potassium compensates for the increased
nitrate in maintaining the electroneutrality of the plant (Ruiz and Romero 2002;
Chung et al. 2005; Gairola et al. 2009).
The amount of nitrate used by the plant also depends on its metabolic activity
level (Inal and Tarakcioglu 2001; Stitt et al. 2002). Nitrates combine with
carbohydrates during metabolic processes to form the amino acids glutamine and
asparagine. These two amino acids are the base units for the formation of all
other plant amino acids and subsequent protein. Nitrate that is brought into the
plant accumulates in the stems and leaves when the glutamine and asparagine
pathways are saturated. If the conditions are not optimal, the conversion rate of
nitrate into amino acids is impaired. The plant usually uses up all available plant
sugars, and this results in the plant accumulating soluble nitrogen as nitrate and
ammonia.
The nitrate accumulation by plants in toxic amounts on soil high in nitrates is
an exception rather than a rule. The factors responsible for nitrate accumulation in
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plants are mainly nutritional, environmental and physiological. Fertilizing with
nitrogen or plowing under legumes can contribute to the nitrate content of the
soil. The nitrate-utilization pathway depends on an adequate water supply, energy
from sunlight and warm temperatures (above 13°C). Nitrogen fertilization and
light intensity, in particular the diurnal changes, have been identified as the major
factors together with many nutrients that influence the nitrate accumulation in
plants. It varies in various parts of a plant and their physiological age (Delhon
et al. 1995; Gaudreau et al. 1995; Santamaria et al. 1999; Anjana et al. 2007 a,b,c;
Santamaria 2006). Excess nitrate also accumulates in drought stressed plants. The
reason being that dry weather usually strikes at a time when nitrogen is being
rapidly absorbed by the plant, and drought thus causes a reduction in the
conversion of nitrates to protein due to water stress, therefore resulting in nitrate
accumulation. If any of these conditions appears in an agricultural area, the potential
for nitrate poisoning exists within a few days of harvest or grazing.
Generally, 85 percent of the nitrogen from urea is recovered from initially
moist and wet soils within 4 weeks after its application to the fields with dry soil
at the end of autumn season under different initial soil water contents and under
standard flood irrigation. The lowest recovery is around 70, which occurrs on the
initially dry soils; only 10 mm of rainfall is sufficient to improve the recovery. As
such, application of urea should be done just before the expected rainfall or at
places where irrigation facilities are avilable. The application of nitrogen fertilizers
to the dry soil without irrigation or follow-up rainfall will produce negative effects
on plant growth. Similarly, ammonium sulphate and DAP get easily lost from
alkaline or heavily limed acid soils. Ammonium nitrate and MAP are more suitable
alternatives for such soils due to less possibility to form the unstable ammonium
carbonate, from which ammonia is lost. The losses of nitrogen through ammonia
volatilization can also occur from DAP particularly on acid soils, but these losses
are around 35 percent. Application of urea in cooler months results in a loss of 25
percent of the nitrogen to the atmosphere by ammonia volatilization. Overnight
dews are possibly sufficient to dissolve urea, but are not sufficient to wash urea
into the soil.
The effect of climate on nitrate accumulation has been studied at length by
several workers, notable among these being Chadjaa et al. 2001 and Grzebelus
and Baranski 2001. Gruda (2005) published a detailed review on the effects of
different environmental factors on the greenhouse vegetables. Generally, low levels
of nitrate have been recorded during high rainfall, but an accumulation occurs in
warm and wet years, regardless of whether the nitrogen originates from organic
or mineral sources. Nitrate levels are influenced by weather conditions more
significantly than by the form and application rates of fertilizers (Custic et al.
2003). The accumulation varies with the season being higher in autumn-winter
than in spring (Vieira et al. 1998; Santamaria et al. 1997, 2001). The reason is that
in winter plants cannot use all the nitrogen available in the soil due to less
favourable light and temperature conditions.
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that about 91 percent of the growers are aware of organic fertilizers, but only 35
pecent use organic fertilizers in greenhouses, 19 percent use them “for plant
nutrition, 15 percent because of recommendations from pesticide dealers, and 31
percent for the root development and land smoothing. Some use them simply to
add organic matter to the soil and for soil improvement. Nearly 54 percent of the
industries use organic manure for plant nutrition to increase the yield. Looking at
the quantities of farm fertilizers used, the results show that 38 percent of the
greenhouses use 2 tons, 6 percent 2–3 tons and 24 percent 3 tons or more. It was
observed that 32 percent of the industries did not use farm manure and were not
interested in explaining the amount used. Nearly 70 percent of the growers had
not analyzed the soils before applying the fertilizers, 55 percent had applied the
fertilizers according to the recommendations from dealers, 24 percent by past
experience, and only 21 percent were analyzing the soils depending on the plant
and air conditions. Out of these applications, 36 percent of the organic fertilizer
used was obtained from dealers, 45 percent from the market and 19 percent from
the livestock enterprises and villages. The producers were using 29 percent of the
organic fertilizer as farmyard manure, 18 percent from the one sold at the market
(Ormin K, Biyofarm, NOF, Organica, = oplex, Orgevit), 11 percent used liquid
chicken manure, 12 percent liquid manure and 30 percent other liquid and solid
commercial organic fertilizers. Nearly 87 percent of the total organic fertilizer used
has been applied to the tomato growing and 13 percent for other products.
Approximately 36 percent of the enterprises declared that they were using more
than 100 kg/da from the commercialised fertilizers.
The average nitrate content in fresh vegetables cultivated in the greenhouses
were 3.68, 3.40 and 2.86 g/kg for lettuce, parsley and radish respectively. In the
vegetables grown on the farm, the values for lettuce, cabbage, cauliflower, spinach,
parsley, carrot, radish were 1.56, 1.06, 0.42, 0.84, 0.84, 0.50, 1.53 g/kg respectively.
The fresh vegetables like lettuce, cabbage, cauliflower, spinach, radish and carrot
grown as organic farming had 1.19, 0.96, 0.35 , 0.97, 1.31, 0.20 g/kg of nitrate
(Alcicek and Baslar 1995) (Fig. 2.12a,b).

(a) Lettuce

(b) Rice

Fig. 2.12. Nitrogen fertilizers applied to lettuce (a) and rice (b).
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Nitrogen fertilizers are very important for rice production (Fig. 6.12b). The
studies carried out show that in rice best dose is 15 kg/da nitrogen in the pure
form (Anonim 1990., Sürek ve Beşer 1997b). The nitrogen fertilizer should be applied
at least twice in batches—50 percent before sowing and at the time of seedling
appearance, the other 50 percent 55 days after sowing. If three applications are
given, these should follow as 1/3 before sowing, 1/3 at the start of vegetative
multiplication, and 1/3 definitely at the start of formation of panicles (Anonim
1990). Overdose application results in an increase in vegetative multiplication, as a
result differently ripened panicles are harvested, resulting in an increase in the
panicle sterility. Sometimes rice grains are not full, and with the decrease in the
temperatures, there is no production, increase in the laying down, disease
appearance increases, in particular risk of burning increases and production
decreases. A decrease in the production, grain diameter and protein content has
been recorded in case of low application of nitrogen fertilizers. If optimum dose is
not applied, production and quality decrease at the same time (Anonim 1991; Beşer
1997b; Sürek ve Beşer 1997b).
Among the fodder plants corn, British lawn grass, Italyan lawn grass, clover,
rape, sugarbeet leaf and mixed meadow grass contained 8.1, 8.2, 10.3, 6.4, 14.9,
14.1, and 5.4. g/kg dry weight of nitrate (Alcicek and Baslar 1995). Green fodder
plants containing 4400 mg/kg nitrate can be fed without problem, those having
4400–8800 mg/kg are tolerable but water should have no nitrate, however, in
those containing 8800–15000 mg/kg, the amount in the balanced diet should not
be beyond 50 percent (Santamaria et al. 1997, 2001). The fodder plants containing
nitrate 15,000 mg/kg and above are highly toxic (Alcicek and Baslar 1995). The
permissible limits of nitrate levels in water samples are 44 (safe for humans and
animals), 44–88 (normal for animals), 88–176 (not good for animals), 176–440 (can
be used in the absence of nitrates in the feedlot), and 440–880 (no toxical effect,
but fodder uptake effected unfavorably) mg NO/I (Alcicek and Baslar 1995).
Cereals are very responsive to nitrogen, but overapplication can reduce the
yields and quality. Their response depends on the soil type and the soil nitrogen
supply status. The yields are normal when nitrogen fertilizer is applied at lower
levels between 7–9 kg/ha or 7–8 kg/ha for wheat and barley respectively, but the
yields could be increased by applying 35 kg/ha in wheat and 25 kg/ha in feeding
barley. Depending on the soil type, weather conditions or management, the amount
applied can be lowered to 20 kg/ha. For spring-sown malting barley, total nitrogen
is applied to the seedbed. If it is grown after beet tops or turnips or a legume, the
amount is reduced to 25 kg/ha. However, if there is heavy rainfall during the
early growth period, additional 25 kg N/ha is applied (McNaeidhe 1985). In the
case of winter wheat, the nitrogen requirement is higher than other cereals, but
factors like sowing season as well as soil type affecting the yield potential of the
crop also affect its nitrogen requirement (McNaeidhe 1985). In general, 75 kg N/
ha should be the maximum level applied to avoid poor establishment in spring
cereals.
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The response of sugarbeet to nitrogen fertilizers varies between 10–20 percent;
rest of the nitrogen required by the crop is provided by nitrogen reserves in soil
which are said to lie around 15,000 kg/ha N in the root profile (60 cm depth). In
the surface soils the amount available is around 15 percent, which is made available
by biological processes to different extents over different time periods. However,
the amount varies from field to field and is dependent on rainfall criteria and soil
type (Herlihy and Hegarty 2001; Coulter 2001).
MOLECULAR ASPECTS OF NITRATE ACCUMULATION
The nitrate content varies markedly with the plant species, cultivars of the same
species, the genotypes with different ploidy, and even in different parts of the
same plant (Ourry et al. 1997; Grzebelus and Baranski 2001; Harada et al. 2003;
Anjana et al. 2007 a,b,c). After seeding, much of the nitrate taken up by the plant
is used for root and shoot development. During the initial growth, the major part
is retained in the root, but as the growth proceeds the plant is able to convert
more nitrate to amino acids. This change in shoot to root ratio improves the nitrogen
balance. Nitrate accumulates in the plant as long as the roots supply more nitrate
than the plant can use. The highest nitrate levels are found in the lower one-third
of the stalk or stem. Concentrations in the leaves and flowers are lower and the
seeds or grain kernels are usually nitrate free.
The shoot nitrate content is genetically determined and likely to be controlled
by several genes (QTLs) (Harrison et al. 2004). The causal factors might include
genetic differences among genotypes in the enzymes of nitrogen metabolic pathway,
the uptake rate of nitrate as well as other elements needed for enzyme activity, or
differences in generation of electron donors required in the assimilative pathway.
The differing capacities of nitrate accumulation can also be correlated with differing
locations of nitrate reductase activity (Andrews 1986), differences in photosynthetic
capacity (Behr and Wiebe 1992), ability to generate and translocate respiratory
substrate and reducing equivalents, or differences in capacity to translocate the
absorbed nitrate to reduction sites. Nitrate accumulation decreases with increasing
carbohydrate concentration in the vacuoles, being negatively correlated to sugar
concentrations (Blom- Zandstra and Lampe 1985) and dry matter content (Reinink
et al. 1994). In general, the genotypes with high dry matter content could have a
high carbohydrate content in their vacuoles and thus need little nitrate to maintain
their osmotic value (Reinink et al. 1994). The studies using mutants and transgenic
plants have revealed a number of genes that can affect the concentration of nitrate
in a plant, e.g., genes encoding nitrate reductase, a putative anion channel, CLC-a,
glutamine synthetase, and ferredoxin-dependent glutamate synthase (Scheible et
al. 1997a,b; Geelen et al. 2000; Harada et al. 2004). Loudet et al. (2003) identified
eight quantitative trait loci (QTLs) for nitrate content on a dry matter basis, whereas
Hirel et al. (2001) identified five quantitative trait loci for nitrate content in dry
matter of maize, one of which included a gene encoding glutamine synthetase.
Nitrate storage in the vacuoles is affected by multiple processes. Therefore,
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numerous gene products can potentially influence the naturally occurring variation
in free nitrate levels at the whole tissue level (Harada et al. 2004). Harrison et al.
(2004) have studied genotypic variability in shoot nitrate content and found that it
was mainly due to an increase in the ion uptake regardless of biomass production.
The positive correlation between the shoot nitrate content and the steady state
level of mRNA encoding high-affinity nitrate transporters suggests that the higher
nitrate flux is due to enhanced expression of transporters, indicating thus that
nitrate transport is one of the main checkpoints controlling shoot nitrate
accumulation. The nitrate content can therefore be reduced through breeding
strategies without affecting the biomass production. It is necessary to take into
account that the control of nitrate uptake and its accumulation in the plant may be
subjected to genetic variability regardless of the plant’s demand. This variability
allows for an adaptive regulatory control mechanism depending on soil nitrate
availability. Thus, the selection of genotypes that accumulate less nitrate may
contribute significantly to reduction in the nitrate consumption by humans through
vegetables and the subsequent risk of nitrate poisoning (Tohgi et al. 1998;
Ustyugova et al. 2002). Another method of circumventing the problems associated
with nitrate accumulation may be to breed cultivars that do not accumulate nitrate
even under heavy nitrogen fertilization.
FUTURE PROSPECTS
The fertiliser applications are becoming a great threat by becoming major polluters
as they enter our environment. People have started thinking about the future of
nitrogenous fertilizers due to their negative effects on human and environmental
health. The threat is extending from the local level to global scale, and from deep
groundwaters to the stratosphere. Its presence in our waters in high amounts
causes life-threatening “blue baby disease” in our children. Overapplication of
nitrogenous fertilizers around the agricultural fields is a continuous danger for us
through the wells and underground waters, which may have dangerous amounts
of nitrate accumulation. Excess nitrogen reaches the lakes and the sea leading to
eutrophication. The nitrogen fertilizers also increase the soil acidity by increasing
the degree of dissolution of trace elements and can result in the accumulation of
more trace elements in our drinking waters. It also increases the level of nitrogen
oxides in the atmosphere, thus contributing in the destruction of ozone layer, as
well as an increase in the greenhouse effect in the troposphere. Nitrogen oxides
stay more than 100 years in the atmosphere, and each molecule of nitrogen oxide
absorbs 200 times more radiation than carbon dioxide. This will also play an
important role in global climate change. As a result, it could be concluded that the
world has been caught to the desirability of nitrogen fertilizers very quickly, and
faced with its bad consequences before thinking and doing research on the effects
on environmental health and the possible influence on climate. As a remedy to
this dangerous trend, two focal points should be considered: first, we should
encourage organic farming, and reduce the use of artificial fertilizers and pesticides.
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producers in order to increase their environmental awareness. The producers mainly
use the fertilizers according to the amount of production; they do not think of any
criteria apart from the yield and no attention is paid to the possible environmental
problems. The importance of environmental education comes to the forefront here.
With an increase in the level of education of the users, the importance given to the
analysis increases. Such people avoid unnecessary and excessive fertilizer usage
due to environmental awareness.
Major part of the soil nitrogen reserves occurs in complex organic forms, which
become available as the organic matter content of the soil is broken down to
release nitrate and ammonium forms of mineral nitrogen. The soil nitrogen supply
status can be deduced from the previous cropping, and manurial history of the
soil, and should be categorised into an index system.
For the usage of nitrate containing fodder, following recommendations can be
made: feed containing 1000 ppm nitrate could be used securely; feeds with nitrates
between 1000–2000 ppm are slightly risky; forages containing nitrate between 2000–
3400 ppm should not be given to animals, if given the ratio limit should not exceed
50 percent; forages containing nitrate between 3400–4000 ppm should be kept away
from the pregnant animals. If given the ratio limit should not exceed 25 percent;
feeds containing more than 4000 ppm nitrate forage are poisonous and should not
be given to the animals; high nitrate fodders must be given at 2–3 weeks intervals.
The nitrate levels in the forage crops growing on dry and wet soils could be
reduced by late harvesting. Animals should not consume high nitrate feed when
they are hungry. Intravenous injection of methylene blue in saline solution (4%)
for horses must be in the 1–2 mg/kg range, while cattle and sheep require 20 mg/
kg to obtain satisfactory results. By using sudans or sudan-sudan hybrids instead
of sorghum-sudan or sorgo-sudan hybrids, nitrate accumulation potential can be
reduced to a great extent. Although impractical, in most situations, contaminated
water supplies can be made safe by boiling.
Right amounts should be applied at the right time to prevent yield losses due
to wrong application of fertilizers and methods. Qualified researchers should guide
the producers about the use of fertilizers in vegetable farming in greenhouses.
The producers require a serious training from government or private sector (Kaplan
et al. 2001; Tuzel et al. 2005; Atilgan et al. 2007). With an increase in the level of
training, the number of producers using organic fertilizers as well as number of
producers approaching institutions for soil analysis will increase. Soil testing is
being suggested more often as an alternative for nitrogen fertiliser applications.
Testing soils for nitrogen has been a useful practice in the drier regions for many
years, and in such regions fertilizer rates can be adjusted to account for NO3–
found in the soil prior to planting. The producers should arrange the analysis of
soil and plant samples in the field and greenhouses for a sustainable production
and prevention of soil pollution through irrigation (Guo et al. 2006).
Easily accessible laboratories should be established in the region, which will
analyze the samples at a reasonable price. Restrictions should be imposed on the
producers in the use of different types of fertilizers in the irrigation water through
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drip irrigation in order to prevent the wrong fertilization. While preparing a
fertilization program, help should be extended to the producers to have conscious
use of fertilizers, which is economically sustainable and enviroment-friendly. The
ammonium nitrogen and nitrate nitrogen amounts specified in the regulations are
very high in the wastewaters of fertilizer producing factories, which should be
controlled.
Effective means of minimizing the accumulation of nitrates in vegetables include
identification of low nitrate accumulating genotypes, manipulation of fertilizer
regimes, exploiting natural diurnal fluctuations in nitrate concentration, and use
of nitrification inhibitors. Rates needed to achieve different yields with different
crops vary by region, and such decisions are usually based on local
recommendations and experience. Nitrate consumption through vegetables can be
kept low by harvesting them at the proper time. Some crops should be harvested
in the afternoon of a sunny day when nitrate concentration in the leaves is low. It
has been found that the leaf nitrate concentration is at its lowest at 1:00 p.m.,
when the sunlight is maximum.
Nitrogen should be applied at a place where all plants have direct access to it.
Moist soil conditions are necessary for nutrient uptake. Placement below the soil
surface can increase nitrogen availability under dry conditions because roots are
more likely to find nitrogen in moist soil with such placement. Anhydrous ammonia
must be placed and sealed below the surface to eliminate direct volatilization losses
of the gaseous ammonia.
The major mechanisms for nitrogen fertilizer loss are denitrification, leaching,
and volatilization. Denitrification and leaching occur under very wet soil conditions,
while volatilization is most common when soils are only moist and drying (Benckiser
et al. 1995). Therefore wet and dry conditions shold be controlled before fertilizer
application as well as before grazing.
Although an inadequate use of nitrogen fertilizers reduces the benefits to the
farmers (Mengel et al. 2006), it provides huge benefits to the manufacturers when
sold at large amounts, who never warn the users about the negative environmental
impacts due to excessive usage. The most important problem which manufacturers
are not interested in solving is the optimal use of fertilizers.
CONCLUSION
Nitrogen losses from soil to water and air have become a concern at global level.
Attempts are being made to put forth some of the best management practices to
be used for controlling nitrogen loss from the fields or glasshouses (Magette and
Carton, 1997). The implementation of various EU Directives, particularly the Action
Programme (AP) required by the Nitrate Directive focuses an attention on tillage
farming as a source of nutrient emission or loss to the environment. It is important
that tillage farmers become more aware of the potential of their systems to cause
nutrient emissions that may result in damage to the environment. A major element
of this is the application of fertilizers to crops at optimum rates. One of the most
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important EU Directive related to the water quality objectives is Nitrate Directive91/676/EEC which is important and challenging.
The Nitrate Directive introduced in 1991 focuses on nitrate losses from agriculture
to water. Its objective is “to reduce water pollution caused or induced by nitrates
from agricultural sources and prevent further such pollution”. The issue of nitrate in
water is of concern because elevated levels of nitrate in drinking water are considered
a danger to human health. In addition, nitrate in water, particularly estuarine waters,
results in the growth of algae and plants that cause undesirable shifts in the
ecosystem. The Directive requires designation of nitrate vulnerable zones and to
develop a list of measures to be implemented by the growers that will achieve the
Directive’s objective. There will be limits on the organic nitrogen loading from animals,
and nitrogen fertilizer and manure applications will be limited. It is important that
tillage farmers consider the potential pathways of nutrient loss from their systems
and the strategies available to control them.
The emphasis on nutrient emissions from agriculture has up to now been
primarily on water. There are three gases of concern—ammonia, methane and
nitrous oxide. Only nitrous oxide is of concern from the perspective of agroindustry.
This gas may account for up to 15 percent of the total global warming potential.
Its global warming potential is estimated to be more than 250 times that of carbon
dioxide. Moreover, its lifetime residency in the atmosphere is estimated to be
about 130 years. Nitrous oxide also leads to ozone depletion. Globally,
anthropogenic activity accounts for 64 percent of the total nitrous oxide emissions
of which agriculture accounts for 92 percent. Farmers will be required to
proportionally reduce the emission of greenhouse gases in the coming years.
Emissions of ammonia and methane relate primarily to animal production
systems. However, ammonia emission from the land spreading of manure is an
issue where a farmer uses animal manure as a nutrient source for crop production.
Agriculture accounts for a major part of ammonia emissions. The sources are
housing, manure storage, manure application to land, and urine and dung
deposition in the fields. Once in the atmosphere, gaseous ammonia reacts
progressively with acidic compounds forming ammonium salts, e.g., ammonium
sulfate and ammonium nitrate. It is this addition of nitrogen to natural ecosystems,
which is of environmental concern both in terms of its implications for biodiversity
and the acidification of soil and aquatic systems.
Ammonia is one of the three most important compounds that are responsible
for acid rain, the others being oxides of sulfur and nitrogen. Acid precursors in
the atmosphere can cross national borders, and emissions from one country can
adversely affect another country’s environment. Therefore, the responsibility of
achieving emission reduction targets rests primarily with the agricultural sector.
For this purpose, correct nutrient application is very important. This can be
achieved by avoiding excessive nitrogen application. The timing of nutrient
application is necessary and nutrients should be applied keeping with the Code of
Good Agriculture Practice. In the nutrient application only calibrated machinery
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