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CHAPTER1

The Importance of Plant Nutrients on Human Health

Sahriye SONMEZ!
ilker SONMEZ?

Introduction

It is known that the human body consists of many elements
and that there are at least 25 elements in the human body. Almost
99% of the human body mass consists of 6 elements. These are
oxygen (65%), carbon (18%), hydrogen (10%), nitrogen (3%),
calcium (1.4%) and phosphorus (1.1%), respectively. The remaining
1.5% consists of potassium, sulfur, sodium, chlorine, magnesium
and trace amounts of boron, chromium, cobalt, copper, fluorine,
iodine, iron, manganese, molybdenum, selenium, silicon, tin,

vanadium and zinc. It is known that these elements are found in the
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cells that make up the human body as well as in the extracellular

structures outside the cell membrane. (Anonim, 2024a)

The human body consists of approximately 60% water, which
corresponds to an average of 42 liters. It is known that 23 liters of
this is inside the cells and 19 liters outside the cells. The content,
acidity and composition of the water inside and outside the cells are
carefully preserved. While sodium and chlorine constitute the main
electrolytes in the body water outside the cells, potassium and other
phosphates constitute those inside the cells (Barret & et all. , 2019).
Since water occupies a large area in the human body, both inside and
outside the cells, it is not surprising that the amount of oxygen in the
human body is also high. Carbon, which is the basic building block
of organic molecules such as carbohydrates, fats, nucleic acids and
proteins, comes in second place. It is known that other elements have
very important functions in the human body (Anonim, 2024b)

These elements, which have very important functions for
human health, are also known as nutrients. These nutrients are
essential for the healthy growth and development of both humans
and plants. These elements, which are necessary for plants to
complete their growth and normal development and which no other
chemical element can replace in terms of its own functions, are
called plant nutrients (Gezgin and Hamurcu, 2006). According to the
needs of plants, these elements are divided into macronutrients and
micronutrients. Plants need macronutrients in large amounts and
there are large amounts of these nutrients in the plant. Plants need
very few micronutrients and they are found in very small amounts in
the plant (White, 2006, Gardiner and Miller, 2008; Fageria, 2009).
In humans, as in plants, nutrients are called macronutrients and

micronutrients. Macronutrients, as in plants, are required in large
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quantities and are incorporated into the structure of proteins,
carbohydrates and fats necessary for human metabolism.
Micronutrients are needed in small amounts and are necessary for
body functions such as enzyme function, hormone production and
the immune system (Anonim, 2024c).

These macro and micro nutrients are taken from the soil by
plants and consumed by humans through food. Deficiency or excess
of nutrients creates serious problems for both plant and human
health.

This section includes information on the effects of plant

nutrients on human health

Plant Nutrients

Nutrients are inorganic substances that are commonly found in
nature and are not lost during heat or other manual processes used in
food processing, and are needed for the growth and development of
the body, the maintenance of life and the protection of health
(Comak, 2008). Although they constitute a very small portion of our
body, such as 4-6%, they are a group of essential nutrients that form
the body structure and regulate many functions. They are also found
in bones, teeth, muscles, blood and other tissues (Karadag, 2011).
Nutrients that are over 250 mg of daily requirements of people are
macronutrients, and sodium, potassium, chlorine -electrolytes,
calcium, magnesium and phosphorus are in this group. Chromium,
copper, fluoride, iodine, iron, manganese, molybdenum, selenium
and zinc have a daily requirement of less than 20 mg, and they
constitute the micronutrient group. Of these micronutrient elements,
only iron, zinc, iodine and selenium are determined for daily intake
levels (Anonim, 2024d).
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Calcium

Calcium is the most abundant mineral in our body, and
approximately 1.2 kg of our body consists of calcium. 99% of
calcium is found in our bones and teeth, while the remaining 1% is
in tissues, blood and other body fluids. Calcium, which is stored
especially in bones and teeth, is a nutrient element that provides their
hardness.

Calcium is a nutrient that is necessary for blood clotting, joint
structuring, cell bonding, heartbeat and normal blood pressure,
muscle contraction, nervous system functioning and repair, hardness
and durability of our bones and teeth, stimulation of nerves and
muscles, and activation of some enzymes that function in digestive
metabolism. Absorption, utilization and excretion of calcium from
the body vary significantly depending on the food and the person.
The daily requirement for adults varies between 200-800 mg on
average. This value increases in children, adolescents, pregnant and
breastfeeding women (Anonim, 2024e).

The decrease and increase in the amount of calcium in the
blood have dangerous consequences for the body. The decrease in
the amount of calcium leads to contractions due to the disorder in the
functioning of the nerves and muscles, and if it increases, it causes
heart and respiratory failure. In calcium deficiency, rickets in
children, osteomalacia in adult women and osteoporosis in the
elderly are seen as a result of weakening of bones and teeth. Rickets
and osteomalacia (osteomalacia) are the inability of bones to
develop, softening and warping. Osteoporosis is when the bones
become frangible. While calcium absorption is facilitated by vitamin

D, lactose in milk, vitamin C, organic acids and some amino acids,
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the consumption of bread made from unleavened dough and the
long-term use of antacids prevent its absorption. On the other hand,
excessive calcium intake can cause some health problems such as
kidney stones and calcification, muscle weakness and calcification
in the bones. However, there are studies that show that kidney stone
formation varies depending on many factors such as genetics, social,
climate, and that it is meaningless to associate it only with calcium.
Very high amounts of calcium are generally associated with
"hyperparathyroidism" and are stated to cause decreased absorption
of nutrients such as iron, zinc, phosphorus, and magnesium.

The most important sources of calcium for the body are milk
and dairy products. This is followed by vegetables, legumes, cereals
and fish in terms of quantity. If the calcium requirement cannot be
met in the diet, hard water can fill an important deficiency as a source
of calcium (Boysan &Sengoriir, 2009). The absorption of calcium in
milk and milk products is high. Egg yolk, cereals, legumes and oil
seeds are also good sources of calcium. Absorption of calcium in
green leafy vegetables and cereals is low. Oxalates (oxalite acid) in
green leafy vegetables and phytates (phytic acid) in cereals combine
with calcium and prevent absorption from the small intestines.
Excessive amount of pulp also negatively affects the absorption of

calcium.

Phosphorus

The most abundant element in the human body after calcium
is phosphorus. 90% of the phosphorus in the body is found in bones
and teeth, while the remaining 10% is found in body fluids and cells.
Phosphorus is an important element for maintaining the balance of

calcium and magnesium. It is absorbed in the intestines and stored
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in the bones and teeth through the bloodstream (Eroglu Samur,
2012).

The human body needs phosphorus together with calcium in
the structure of bones and teeth, cell growth, renewal and repair,
energy production, regulation of heart contraction, prevention of
blood clotting. In addition, phosphorus prevents the transformation
of body fluids into acidic environment, prevents tooth decay by
providing acid balance in the mouth, ensures that intracellular and
extracellular fluids are kept in balance, is involved in the storage of
energy as ATP in our body, carbohydrate, protein and fat
metabolism, and in the structure of phospholipids, the main
substance of cell membranes (Eroglu Samur, 2012).

High levels of phosphorus can cause problems in kidney
function, cause calcification where it is located and damage organs.
Excessive vitamin D, magnesium and calcium deficiencies, liver
disorders, renal failure, severe inflammatory diseases, abnormal
functioning of the parathyroid glands also cause phosphorus to
increase. In case of high phosphorus; the use of drugs containing
calcium, carbonate tablets or aluminium hydroxide, avoiding the
consumption of high phosphorus foods such as nuts, milk, beans and
liver, and the use of diuretic drugs are beneficial.

There is no deficiency of phosphorus due to food intake.
However, absorption problems lead to deficiency. Chronic hunger,
intestinal malabsorption, alcoholism, and continuous use of diuretics
decrease the level in the blood. In phosphorus deficiencies,
disruptions in nerve and muscle relations, muscle weakness, muscle
cell destruction, brain function deterioration, bone loss and
weakness, loss of appetite and pain can be observed.
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The phosphorus requirement of the human body is as much as
the calcium requirement. Although it is 800 mg daily in adults, it
varies depending on age. It can reach up to 1200 mg in children,
pregnant and lactating women. Phosphorus should be taken together
with calcium.

Phosphorus content of foods rich in protein is also high. Fish,
chicken, eggs, milk and its derivatives, cereals, legumes and oil
seeds are important phosphorus source foods (Giindogdu, 2009).

Magnesium

Magnesium is one of the 11 minerals vital for our body. In an
adult, 60% of the average 24 g of magnesium is in our bones and
teeth. The remaining 40% is in blood, tissue and other body fluids
(Kog, 2021).

Although magnesium is present in an amount of 0.05% of body
weight, it participates in hundreds of enzyme reactions in our body.
Since the body cannot produce magnesium on its own, magnesium
must be taken through food. Our body also has a magnesium reserve
that needs to be constantly replenished, and magnesium must be
constantly supplied to the body in order to fulfil its functions. People
who sweat excessively, use laxatives or diuretic drugs excrete more
magnesium from the body. In cases such as stress, pregnancy and
breastfeeding, the body's need for magnesium increases.

Magnesium plays an important role in the body's energy
metabolism, regular functioning of the muscle and nervous system,
formation of bones and teeth, regulation of blood pressure, bone
strength, regularity of heart rhythm, protein synthesis, heart, kidney,

brain and liver metabolisms. In addition, magnesium plays a role in
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smoothing the skin, beautifying the hair and strengthening the nails
(Solak & Ergene, 2004).

Magnesium requirement varies depending on age and lifestyle.
An adult woman should take 300 mg of magnesium per day and an
adult man should take 350 mg of magnesium per day. The need is 80
mg in 1-3 group children, 120 mg in 4-6 age group and 170 mg in 7-
10 age group. In special cases such as pregnancy and breastfeeding,
this amount may increase up to 450-700 mg, otherwise miscarriage
or premature birth may occur. The need for magnesium increases
during recovery periods. Some lifestyles (such as diet, sports,

alcohol, smoking) require more magnesium.

Excessive magnesium intake causes mental confusion, nausea,
loss of appetite, difficulty breathing, low blood pressure, heart
rhythm disturbances, digestive system and kidney diseases such as
diarrhea, and health problems such as sweating and depression.
Excess magnesium can also occur due to calcium deficiency. Those
with kidney failure should definitely take magnesium under the
supervision of a doctor, as magnesium is absorbed from the small
intestine and excreted from the kidney. Excess magnesium is a
common condition in the elderly. Magnesium excess in the elderly
is a common condition. Because kidney function slows down in the
elderly, magnesium cannot be excreted sufficiently and begins to
accumulate in the body (Solak & Ergene, 2004).

Magnesium deficiency causes heart, kidney, brain and liver
dysfunctions, resulting in fatigue, loss of appetite, sleep disorders,
heart palpitations and cramps, mental disorders, and disorders in
nerve and muscle function. It has been found that magnesium
deficiency is responsible for calcium and magnesium disorders in
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those with pregnancy-related hypertension, and magnesium sulfate
treatment is effective in these patients.

Diseases thought to be related to magnesium deficiency:
Alzheimer's, anxiety disorders, angina, arrhythmia, asthma,
intestinal disorders (peptic ulcer, Crohn's disease, colitis, food
allergy), kidney stones, depression, fibromyalgia, hypertension,
hypoglycemia, insomnia, heart disease (atherosclerosis, high
cholesterol and triglycerides), congestive heart failure, muscle
cramps, muscle weakness and fatigue, constipation, chronic fatigue
syndrome, Lou Gehrig's disease, migraine, mitral valve prolapse,
myopia (in children born to mothers with Mg deficiency), multiple
sclerosis, obesity, osteoarthritis, osteoporosis, autism, autoimmune
disorders, Parkinson's disease, primary pulmonary hypertension,
Raynaud's disease, rheumatoid arthritis, syndrome X, cerebral palsy
(in children born to mothers with Mg deficiency), cerebrovascular
accident, type 1-2 diabetes and thyroid disorders (low, high and
autoimmune; low Mg reduces T4) (Ergiin, 2019).

Since magnesium is the central atom of chlorophyll in plant
leaves, plants with high chlorophyll content are the main sources of
magnesium. Among animal foods, meat and offal are rich in
magnesium. Magnesium is quite low in milk. Dried legumes, oil
seeds, unrefined cereal grains and dark green leafy vegetables are
important sources of magnesium. Spinach, pumpkin seeds, green
beans, soya beans, sesame seeds, black beans, sunflower seeds,
cashews, almonds, spelt, brown rice, tuna, rye flour, wheat flour,
flaxseed are magnesium sources.
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Daily 300 mg magnesium is sufficient for an adult individual.
As long as there are no excessive losses, magnesium taken with food
and drinking water can be sufficient for the body.

Potassium

Potassium is an essential mineral that helps with kidney
function and contraction of heart, skeletal and smooth muscles, and
works with sodium to maintain fluid and electrolyte balance in body
cells. When sodium-potassium balance is disrupted, nerve and
muscle functions are adversely affected. Potassium works inside the
cell, while sodium works only outside the cell (Eroglu Samur, 2012).

Potassium; It plays a role in maintaining acid-base balance and
osmotic balance in the body, providing muscle movements and
controlling blood pressure. Potassium is also important for
maintaining normal heartbeat.

Excessive potassium intake primarily affects the kidneys and
heart and causes disorders such as muscle weakness, heart function
and rhythm disorders. Excess potassium is caused by excessive
potassium intake for various reasons or by conditions such as kidney
disease and post-surgery urine deficiency, which cause excess
potassium to not be removed sufficiently (Anonim, 2024f).

Potassium deficiency can be seen without any other cause, or
as a result of regular use of medications that have a laxative effect or
that cause the body to lose too much water among their side effects.
Low potassium levels can cause irregular heartbeats or arrhythmias.
This is a condition that increases the risk level in those who already
have heart disease. Excessive potassium loss due to reasons such as
long-term diarrhea or repeated vomiting can cause problems that can

lead to heart attack.
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Low potassium levels cause negative effects on other muscles
as well as the heart muscle. Symptoms that may occur in the muscles
are twitching, spasms and cramps. While every muscle can be
affected by potassium deficiency, these symptoms can be seen more
in the leg and arm muscles. When potassium levels drop too low; the
digestive system does not work properly and constant constipation
can occur. The lungs are affected and breathing difficulties can be

experienced.

Potassium is an important mineral for body functions and must
be taken. The daily recommended amount is taken with a normal
diet. In the body, red blood cells contain the most potassium. This is
followed by muscles and brain tissue. The recommended amount to
be taken in a day is 3-3.5 grams. However, people who use diuretic
drugs for heart failure may lose potassium in urine. It is
recommended that people who use diuretic drugs that cause
potassium loss consume foods containing potassium. Bananas, dates,
dried fruits, fish, fruit juices, potatoes, tomatoes, hazelnuts, apricots,
almonds and green vegetables are foods that are quite rich in
potassium. Since consuming excessively salty foods will increase
the sodium level in the body, this may lead to potassium loss. For
this reason, a diet low in salt should be applied. Along with
potassium-sparing, diuretic drugs; some drugs used in heart failure
may increase the potassium level in the blood. In this case, the intake
of potassium-rich foods should be reduced.

Sodium

It is one of the most abundant minerals in the body. Sodium is
an important mineral that plays a role in regulating the body's fluid

balance. Sodium is very important for the continuation of nerve and
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muscle functions and the maintenance of the pH value in the blood.
Its main function is to ensure fluid pumping and the passage of
nutrients through the cell membrane. A large amount of sodium
contributes to high blood pressure. It is responsible for the
contraction of the heart muscle. It allows nutrients to be taken into
the cell. It is absorbed by the intestines and mixed with the blood and
retained by the kidneys (Anonim, 2024f).

Normally, excess is removed from the body through urination
and sweating. However, excess sodium causes high blood pressure,
potassium loss, water retention in the body and edema. In case of
excess sodium, potassium supplements should be taken to protect
against the harmful results that may arise from potassium deficiency.
The most important causes of excess sodium are consuming too
much salt and salty foods, that is, foods containing a lot of sodium,
insufficient water intake or increased sodium levels in the blood due
to the body losing more water than sodium through diarrhea,
sweating and vomiting (Anonim, 2024f).

In case of sodium deficiency; dizziness, low blood pressure,
inability to secrete breast milk, mental weakness, palpitations, loss
of appetite, inability to concentrate, muscle cramps, nausea,
vomiting, weight loss, headache, intolerance to heat can be observed.
Deficiency is rarely seen except in cases of kidney failure and long-
term vomiting and diarrhea. Since it is also lost through sweating,
sodium intake should be ensured by consuming sufficient salt,
especially in hot weather (Anonim, 2024f).

The daily sodium requirement for a normal healthy adult is
around 2-3 grams. It is recommended that daily salt consumption not
exceed 6 grams. Under normal conditions, sodium needs are easily
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met, but in cases where the body loses fluids and minerals, such as
diarrhea, some salt should be taken with water to replace the lost
sodium. While the amount of sodium needed by the body increases
in pregnant women, it decreases in patients with high blood pressure.
In addition, babies should not be given salt and salty foods until they
are 1 year old (Anonim, 2024f).

A large portion of the sodium entering the body is obtained
from table salt. In addition, all salted foods, olives, pickles, cookies,
cheese, salami, sausage and baking powder are the most important
sources of sodium.

6. Iron

Iron is one of the most deficient nutrients in our society.
Although there are 4-5 grams of iron in the human body, it is a very
important element. Iron deficiency is very common in women,
especially during pregnancy and menstrual periods (pregnant or
breastfeeding women need twice as much iron as men). There is also
a risk of iron deficiency in children who do not consume iron-rich
foods. The body needs sufficient iron to make the blood protein
called hemoglobin. It is especially needed in people with anemia,
those with heavy menstrual periods and those who do sports.

The most important task of iron in the structure of
haemoglobin in the body is to carry oxygen. It carries oxygen from
the lungs to the cells and carbon dioxide from the cells to the lungs.
In addition, it is the building block for blood, muscle, and many
tissues, giving them their color, strengthening the immune system,
and taking part in the growth of the body, energy production (ATP),
strengthening the immune system, increasing the body's resistance

to infections, and in the production of many important enzymes for
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life, such as DNA, RNA, and protein synthesis (Eroglu Samur,
2012).

Excess iron causes chronic fatigue, joint and abdominal pain,
liver (cirrhosis, liver cancer) and diabetes, irregular heart rhythm,
heart attack or heart failure, skin color changes (bronze, ash gray-
green), delay in menstruation, arteriosclerosis, premature aging, cell
fattening and calcification, cartilage deterioration. For these reasons,

iron medication should be taken under the supervision of a doctor.

In iron deficiency; loss of appetite, weakness, getting tired
very easily, shortness of breath, headache, palpitations, dizziness,
easy chills, palpitations, hair loss, lip cracks and lack of attention are
observed. These symptoms also occur in anemia. Iron deficiency
negatively affects the development of intelligence in children of
developmental age and causes deficiencies in psychomotor
development.

There are various stages of iron deficiency. These stages are
basically two. The first of these is mild and the other is severe iron
deficiency. Mild iron deficiency is called iron depletion. At this
stage, the iron required for the body is present in the body, but iron
stores are decreasing. The severe stage of iron deficiency is called
iron deficiency anaemia. In this stage of iron deficiency, there is no
iron to be used in the body. It has been determined that the red blood
cells produced at this stage are smaller in size and paler in colour
than normal. As a result of scientific research, it has been determined
that the human body produces 115 million blood cells in 1 minute.
The most important causes of iron deficiency are not consuming
iron-containing foods, frequent births, menstrual bleeding, types of
diseases that cause bleeding, insufficient absorption of iron mineral
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in the intestine and lack of meat consumption. Apart from these, the
microbe called malaria in the intestine and hookworm can also cause
iron deficiency (Eroglu Samur, 2012).

There are 2 different types of iron in foods: “heme” and “non-
heme”. “Heme iron” comes from meat, fish and poultry, and is
quickly absorbed by the stomach and incorporated into the system.
“Non-heme” iron is iron from plant sources, and is absorbed more
slowly and less than iron from animal foods. Approximately 30% of
the iron from animal foods and 2%-10% of the iron from plant foods
is used by the body.

The recommended daily intake of iron (in people without
anaemia or iron deficiency) is around 8 mg for men aged 19-50 years
and 18 mg for women. In pregnancy, an additional 5 mg is
recommended.

Iron is found in both animal foods and vegetables. The fact that
the diet is based on animal or plant-based foods causes differences
in iron need. The most important foods used to meet the need for
iron in our body; meat and derivatives, eggs, fish, liver, molasses,
dried fruits, cereals and green leafy vegetables. Liver is the food that
will meet the iron requirement at the best level. In addition to these,
foods that are sources of iron; foods such as mineral waters, almonds,
avocados, beans, red beetroot, beetroot, dates, kidneys, fish, nuts,
mussels, oysters are rich in iron. The presence of vitamin C and meat
in the diet increases the absorption of plant-derived iron. Foods rich
in vitamin C should be included in every meal. Bread should be made
by fermenting in order to eliminate the effect of phytates that prevent
iron absorption in cereals.
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Zinc

In normal human blood, 75-88% of zinc is found in
erythrocytes, 12-22% in plasma and 3% in leucocytes. Zinc is the
most abundant micro element in the organism after iron. There is an
average of 2-3 gr zinc in an adult human. 60% of zinc is found in
muscle, 5% in liver, 20-30% in bone and 1.6% in brain. The rate of
zinc in skin and hair is 6% and does not participate in metabolism.
In case of need, zinc in muscle and bone participates in systemic
metabolism (Akinci, 2010).

Zinc is involved in the structure of important proteins. It has a
special structural role in enzyme molecules and many proteins and
biomembranes. It is an activator and catalyst in enzymatic and
hormonal processes. Takes part in some reactions by binding to the
active sites of enzymes. Besides being a regulator in intracellular
structures, it provides structural support for proteins in molecular
interactions. It maintains the stability and integrity of biological
membranes and ion channels. As a component of insulin hormone,
it affects growth and sexual development hormones. It has important
functions in cellular metabolism as a structurally important element
in genetic regulatory proteins and nucleic acids. It has a role in the
functioning of the prostate gland and reproductive organs. It has very
important roles in protein, lipid, carbohydrate, nucleic acid and
haemoglobin synthesis, structures and events in the body. Zinc
mineral strengthens the immune system and increases body
resistance due to its antioxidant properties. It is important for the
development and function of innate immune cells, neutrophils and
killer cells. It is involved in the substance transformation system,
amino acid cycle, body-specific defence system and more than 200
chemical reactions. It helps wounds to heal more quickly. It prevents
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premature aging of skin and muscles. It is very important for the
growth and development of children. Zinc has an important role in
height growth and weight gain. It is also an important mineral during
pregnancy. It contributes to the development and repair of our cells.
It strengthens the sense of sight. It protects the sense of taste and
smell. It prevents premature aging of skin and muscles. It beautifies
the skin by supporting cell renewal, strengthens nails and prevents
hair loss (Akdeniz & et al., 2016).

Zinc is a divalent cation and is considered a relatively non-
toxic metal. It is essential for hundreds of biological reactions and
should be included in a healthy diet. It does not accumulate in the
body with age. Unlike metals such as copper (Wilson's disease) and
iron (Hemochromatosis), there are no known genetic abnormalities
that cause excessive zinc accumulation in the body. It has an
antioxidant effect. Taking more than the recommended daily doses
for therapeutic purposes does not cause any significant pathological
effects. Even when test animals were given 100 times more zinc than
the recommended daily dose, it did not cause any significant
pathological effects.

In zinc deficiency, symptoms such as physical growth
retardation (dwarfism), delay in the development of sex organs, lack
of resistance to diseases, delay in the healing of wounds, taste and
texture perception disorders are observed. Since zinc is involved in
many basic physiological functions in the body, its deficiency leads
to serious diseases. Many factors such as eating habits, nutritional
deficiency, parasitic infections and even environmental pollution
cause zinc levels to decrease in the body. Calcium, proteins, phytate,
wheat bran, lignin and hemicelluloses also affect zinc absorption in

the body. Other causes of zinc deficiency include increased secretion
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in the sebaceous glands, abnormal losses from the intestine, liver
diseases, chronic kidney disease, sickle cell anaemia, pathological
causes such as malabsorption syndromes and long-term intravenous
nutrition, alcoholism and excessive sweating in hot environments. In
addition, zinc deficiency may also be due to physiological reasons
such as pregnancy, premature birth and old age during periods of
rapid growth (Giirbiiz, 2023).

Zinc deficiency is a major problem affecting men and women
of all ages and all socioeconomic and cultural classes worldwide.
While zinc deficiency is very mild in some, it requires hospital
treatment in others. The most common symptoms of mild zinc
deficiency are dry and rough skin, dull hair, brittle nails, white spots
on the nails, loss of taste and smell, loss of appetite, mood swings,
difficulty adapting to the dark, increased frequency of infections,
delayed wound healing, dermatitis and acne.

All organ systems can be affected by a severe zinc deficiency
in which the entire body zinc stores are depleted. Symptoms are non-
specific and often go unrecognised. In addition to the symptoms seen
in mild zinc deficiency, diarrhoea, hair loss, depression, eye diseases
such as eye and eyelid inflammation, light phobia, growth
retardation, hypogonadism (insufficiency in testicular function),
short stature, regression of sexual maturation, decrease in immune
functions are also observed. In addition, zinc deficiency causes
cognitive deficiencies and disruptions in the formation, development
and maintenance of the functions of the living organism and
autoimmune diseases. It is stated that cardiovascular diseases
increase in deficiency. It is one of the important building blocks of
the insulin hormone necessary for metabolism. Studies have shown

-21--



that there is a correlation between zinc level and coronary artery
disease and diabetes (Giirbiiz, 2023).

Food supplementation, food enrichment or biofortification can
be done to eliminate zinc deficiency. Biofortification can be done in
2 ways: genetic biofortification and agricultural biofortification.
Genetic biofortification is defined as the breeding of new varieties
of cereal grains that have the genetic potential to accumulate high
concentrations of zinc, while agricultural biofortification is the use
of zinc fertilizers to increase the zinc density in crops. The most
practical, effective and low-cost application to eliminate zinc
deficiency is the enrichment of foods in terms of zinc.

It has been reported that the daily zinc requirement in adults is
around 15-20 mg, and this requirement is higher in athletes and

pregnant women.

Zinc is an element found in many foods. These can be listed as
red meat, poultry, shellfish, nuts, whole grains, fortified breakfast
cereals and dairy products. The availability of zinc in the body
(availability and usability rate in the body) is quite high in meat, milk
and foods obtained from the sea, because these foods contain some
amino acids (cysteine and methionine) that increase absorption,
rather than substances that reduce the absorption of zinc. Phytates
are a substance found in grains and legumes that reduce the
absorption of zinc, so the zinc found in all grain products and plant
proteins is absorbed less in the body. Since the enzymatic activities
of yeasts reduce the phytic acid content in foods, the zinc in
fermented grain breads is more effective in the body than the zinc in
fermented ones.
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Copper

It is one of the minerals that is found mostly in the liver and
brain in the body and is essential for our nutrition. Copper; It is
necessary for enzymes that are responsible for the renewal of body
tissue and the increase in the strength of the bone structure, and is
also found in the structure of many enzymes. It forms the structure
of hemoglobin together with iron and plays a role in the use of iron
in the body. It takes part in protein synthesis and energy production,
and contributes to the formation of red blood cells. It is responsible
for energy formation, melanin synthesis and the synthesis of
chemical substances that provide nerve conduction. It also has an

effect in protection from free radicals.

Excessive copper intake causes copper accumulation in the
body and “Wilson’s disease”. In this disease, nervous system
disorders, liver cirrhosis, green, yellow, brown rings in the eyes are
seen. In these cases, the amount of copper in the diet is reduced. In
addition to increasing the risk of cancer, excess copper also causes
depression, schizophrenia, dementia, hypertension, bad taste,
vomiting. In extreme cases, it shows diarrhea, bloody urine, coma
and a condition that can lead to death (poisoning in untinned copper
pots in the past) (Hopur, 2010).

Copper deficiency does not normally occur, but only with
inadequate and poor diet. Adequate copper is obtained from a normal
diet. Copper deficiency reduces the mobility of iron, deteriorates the
structure of the blood and causes anaemia. Copper deficiency
therefore also leads to iron deficiency. Copper is very important in
ensuring that iron is easily absorbed by the red blood cells. Even if
the body gets enough iron from food, it cannot assimilate it and
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therefore cannot form haemoglobin, the main substance in the blood.
The lack of iron means that oxygen cannot be transported to the cells,
and the result is a lack of energy and fatigue. In addition,
osteoporosis occurs with damage to the connective tissue, and loss
of colour in the hair and skin is observed.

In cases of long-term infection, especially gum inflammation,
it has been observed that the iron level in the cells is high and the
copper level is low. The continuity of this situation will weaken the
person's immune system, and therefore the infection will reoccur in
the body at intervals. Studies have also shown that the imbalance
between copper and zinc causes heart disease, increased harmful
cholesterol, increased triglyceride, as well as gallbladder problems
and postpartum depression. In cases of excess zinc intake and
genetic problems, anaemia, slow growth, hair loss and skin
problems, wounds and eczema may be seen due to copper

deficiency.

The average requirement for copper in the human body is
between 1.5 and 3 mg and varies according to age. A daily copper
intake of 0.5-1 mg for babies, 1-2 mg for children and an average of
2.5 mg for adults meets the daily requirement.

Copper is abundant in offal, especially liver, seafood, oilseeds,
legumes, cocoa, eggs and green vegetables.

Sulfur

Sulfur, which provides the balance of oxygen circulating in the
body and takes part in delivering it to everywhere, is also an element
that controls and regulates the regular operation of the respiratory
system. Sulfur also supports the functioning of brain functions, hair,

nail and skin health, acts as a protector against allergic disorders,
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helps the liver to function regularly and increases bile secretions, and
helps the use of B group vitamins.

The daily sulfur amount of the body is approximately 1000 mg
for adults. Although sulfur deficiency is rare, when there is not
enough sulfur in the body, hair weakness and skin paleness are seen.
Excessive sulfur damages the kidneys. If the human body takes in
too much sulfur, there are symptoms such as headache, throat and

stomach burns, reflux and vomiting.

Todine

Most of the iodine in the human body (60%) is found in the
thyroid gland and the rest in the blood. lodine regulates the functions
of the thyroid gland and plays an important role in mental functions
affected by the thyroid gland, normal growth and development,
energy use and weight control, regular functioning of the brain and

nervous system.

Iodine deficiency in the body prevents the thyroid gland from
fulfilling its functions and causes goitre disease, muscle wasting,
deafness, dumbness, mental retardation, stillbirth, miscarriages, low
birth weight, infertility and developmental disorders in children
(dwarfism). Excessive intake of iodine also disrupts the hormone
balance of the thyroid gland and causes the problems that occur in
iodine deficiency to occur in this case. Excess iodine can cause

poisoning effect.

The daily iodine requirement in an adult individual is
approximately 150 micrograms. One and a half teaspoon of iodised
salt meets the iodine requirement for a day. This amount increases

in pregnant and lactating women.
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Replacing the salt we use in meals with iodised salt provides
more than the iodine you need to take daily. Apart from this; seafood,
milk and dairy products, eggs and meat are important sources of
iodine.

Conclusion and Recommendations

Nutrients are the basic building blocks for both plants and
humans. These elements affect both the development of plants and
human health. It is a known fact that these elements taken into the
human body through plants are necessary for the healthy functioning
and development of the human body. Although all nutrients are
needed in the human body; the most important nutrients include
calcium, iron, magnesium, phosphorus, potassium and zinc. Nutrient
elements play role in bone, tooth, blood, soft tissue, muscle and
nerve cells and hormone production, in short, in every part of the
body. The nutrients found in plants are taken as food and used in the
human body. The World Health Organisation has stated the amounts
of nutrients that an adult healthy person must take daily through
nutrition (WHO, 2003). The excess of these elements, like their
deficiency, causes a number of disorders and diseases in humans.
Therefore, it is important that a healthy diet plan includes all
nutrients. Therefore, it is important for a healthy diet plan to include
all nutrients. In order to meet the body's daily nutrient needs with the
food consumed, it is necessary to know the amount of food
consumed and the nutrient content of the foods that make up the
daily diet. It should never be forgotten that we should have a healthy
and balanced diet in order to get the elements our body needs in
sufficient amounts.
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CHAPTER 11

Kiikiirt’ iin Bitkisel Uretimde Verim ve Kaliteye
Etkisi

Figen ERASLAN iNAL

1. Giris

Kiikiirdiin bitkiler i¢in mutlak gerekli bir besin elementi
oldugunun yaklasik iki yiizyilldan beri bilinmesine ve bitkilerin
yaklagik fosfor kadar kiikiirde gereksinim gdstermelerine ragmen,
son yillara kadar S noksanligimin N, P ve K noksanlig1 kadar yaygin
olmadig1 kanisiyla, bu temel besin elementine gosterilen ilgi diger
besin elementlerinin ¢ok gerisinde kalmistir.

Kiikiirt, tiim canli organizmalar i¢in gereksinilen temel besin
elementlerinden biridir. Kiikiirt, sistein, metionin, biotin, ko-enzim
A, tiamin, pirofosfat lipoik asit gibi bir¢ok ko-enzimin,
tioredoksinlerin,  stilfolipidlerin ve  proteinlerin  yapisinda
bulunmaktadir. Kiikiirdiin glutation tioredoksin gibi peptitlerin

sentezinde, = redoks  reaksiyonlarinda,  protein  yapisinin
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dayanikliliginda ve disiilfid baginin (S-S) olusumunda yasamsal roli
vardir (Zhao & ark., 1999a).

Diinyada, son 20 yildir ¢cevre kirliliginin azaltilmasi i¢in alinan
onlemler ve tarim tekniklerinde meydana gelen gelismeler topragin
ve bitkilerin S biit¢esinde eksilmelere neden olmustur. Bu eksilme
nedenlerinden bir tanesi S iceren N’ lu ve P’ lu giibrelerin
kullanimindan kismen vazgegilmesidir. Son 20 yildir biitiin S igeren
giibrelerin tiilketim miktar1 diinya genelinde yillik 10 milyon ton
civarinda olurken N tiikketimi 1973 yilinda 39 milyon tondan 1991
yilinda 75 milyon tona ¢ikarak S’ lii giibre tiikketimine gore yaklasik
2 kat artmigtir. Washington Kiikdirt Enstitiisti diinyada mevcut yillik
7.5 milyon ton S’ 1ii giibre a¢iginin oldugunu ve degerin 2010 yilinda
yillik 11 milyon ton’a ¢ikacagini tahmin etmektedir (Scherer, 2001).

Diinya genelinde 6nemli bir N’ lu giibre kaynagi olarak
kullanilan amonyum siilfat’ in (%21 N, %24 S) tiiketimi son 30 y1ldir
siirekli azalmigtir. Ornegin Bati Avrupa’da toplam azotlu giibre
tiiketiminde amonyum siilfatin payr 1973’ te %7.2 iken bu deger
giiniimiizde %3’e diismiistiir (Ceccotti & Messick 1994).

Diinya genelinde oldugu gibi iilkemizde de ge¢cmiste baslica
N’ lu giibre kaynagi olan amonyum siilfatin pazar payt son 30 yil
stresince siirekli azalmistir, 1980° 11 yillardan giinlimiize
gelindiginde ise bu giibrenin tiiketiminde %37.2 oraninda bir azalma
meydana gelmistir (Anonim 2001).

Ham fosfat ve H2SO4’in reaksiyona sokulmasi ile iiretilen ve
yaklasik 1:1 oraninda monokalsiyum fosfat ve jips igceren siiper
fosfat (%8 P ve %12-14 S), uzun yillar fosforlu giibre olarak yaygin
bir sekilde kullanilmistir. Fakat son 40 yildir bu fosforlu giibrenin
tiikketimi 6nemli oranda azalmistir (Scherer 2001). Ulkemizde ise
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siiper fosfat uzun yillar P’ lu giibre olarak yaygin bir sekilde
kullanilmis, fakat son 40 yildir bu giibrenin tiiketimi 6nemli oranda
azalmis ve 1989 yilindan sonra tiiketimi durmustur (Anonim 2001).

Potasyumlu bir giibre olan ve %50 K, %18 S iceren K2SO4’ 1n
kullanimi ise V. Bes Yillik Plan doneminde ortalama 18 140 ton iken
son 4 yillik dénemde (98-2001) ortalama 15 600 ton’a diiserek %14

oraninda azalmistir (Anonim 2001).

Kiikiirtli giibrelerin tiiketimindeki bu azalmaya karsilik
biinyesinde hig kiikiirt bulunmayan kalsiyum amonyum nitrat (%26
N), amonyum nitrat (%33 N) ve tire gibi N’lu giibrelerin tiikketiminde
onemli artiglar kaydedilmistir. Amonyum nitrat (%33 N) giibresi
1989 yilindan itibaren iilkemizde yillik 8700 ton ile tiikketilmeye
baslanmis ve bu giibrenin tiiketimi son 4 yilda (98-2001) 531 000
tona ¢ikarak %387 oraninda artmistir. Ure giibresinde de V. Bes
Yillik Plan déneminde yillik ortalama 487 200 ton olan tiiketim
1998-2001 yillar1 arsinda ortalama 864 000 ton/yi1l” a ¢ikarak %77
oraninda artmistir (Anonim 2001).

Endiistrilesmis iilkelerde, kat1 yakit kullaniminin bir sonucu
olarak endiistriyel kirlenme, bitkilerin kiikiirt ihtiyaclarinin
karsilanmasma katkida bulunmustur. Fakat son yillarda S
noksanligindaki artisin en 6nemli sebeplerinden birisi de 19701
yillardan itibaren atmosfere SO> girdisindeki azalmadir. Ingiltere’de
toplam SOz emisyonu 1970 yilinda 3.2 milyon tondan, 1995°’te 1.4
milyon tona diiserek yaklasik %50 oraninda azalmistir (Anonymous,
1995). Diger baz1 Avrupa iilkelerinde de ayni yillar icerisinde
atmosferdeki SO emisyonu benzer diizeyde azalmistir.
Kiikiirtdioksit (SO2) emisyonundaki bu azalma egilimi, uluslararasi
anlagsmalar geregi gelecek yillar igerisinde de devam edecektir.
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Ornegin, Ingiltere’ nin 2010 yi1linda SO2 emisyonundaki hedefi 0.49
milyon tondur. Benzer egilim Kuzey Amerika’da da mevcuttur.
ABD, 1970-1993 yillar1 arasinda SO2 emisyonunu %30 oraninda
azaltmay1 bagarmis ve 2000 yilinda bu oram1 %50’ ye c¢ikarmay1
hedeflemektedir (Ceccotti, 1996).

Bu konuda Avrupa Birligi, Birlesmis Milletler Cevre
Programi’nin destek ve onay1 ile 120’ den fazla iilke tarafindan kabul
edilmis olan bir ¢erceve igerisinde hareket ederek, atmosferdeki SO2
seviyesini %70 oraninda azaltma yikiimliligiini, Birlesmis
Milletler/Uzun Vadeli Sinir Otesi Hava Kirliligi Hakkindaki Avrupa
Sozlesmesi i¢cin Ekonomik Komisyon tarafindan belirlenen son
tarihten Once yerine getirmistir (Anonim, 2000).

Ulkemizde ise hava kalitesinde goriilen iyilesme ve SO-
emisyonunun azalmasmna en 1yi Ornek olarak Ankara kenti
verilebilir. Hifzisthha Arastirma Enstitiisiiniin 6l¢limlerine gore
1970/1971 yilinda Ankara ili atmosferinde 361 pg/m* olan SO,
emisyonu miktar1 2000/2001 yilinda 30 pg/m® degerine diiserek
%91.6 oraninda ciddi bir azalma egilimi gostermistir (Anonim,
2002).

Ulke capinda 1985 yilinda kurulan Cevre Saghgi Daire
Baskanligi biinyesinde hava kirliligine yonelik caligmalar
sirdiirilmektedir. Bu yildan itibaren yapilan izleme faaliyetleri
sonucunda, atmosferdeki SO2 miktarmnin zaman i¢indeki egilimine
yonelik bilgiler elde edilmektedir (Anonim, 1997). Tiirkiye nin en
blyiik 10 ilinde 1990/1995 ile 2000/2005 kislarinin
karsilastirilmasinda atmosferdeki SO, miktarinda 6nemli Olclide
azalma gozlenmistir (tablo 1.).
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Ulke genelinde atmosferdeki SO»  konsantrasyonu
izlendiginde ise diinya genelinde oldugu gibi bir azalma egilimi
gozlenmektedir. 1989 yilinda Tiirkiye ortalamasi 251 pg/m3 olan
SO> emisyonu miktar1 2000/01 doneminde 104 pg/m3’ e diiserek
%359 oraninda azalmistir (Anonim 1991, Anonim 2001).

Kiikiirt noksanliginin diinyada yayginlasmasinin bir baska
nedeni olarak yiiksek verimli ¢esitlerin 1slah edilmesi sonucunda, bu
cesitlerin artan kuru madde verimi ve buna bagli olarak bitkilerin
topraktan kaldirdiklar1 S dahil olmak iizere tiim besin elementlerinin

miktarin da artmis olmasi gosterilmektedir (Scherer, 2001).

Tablo 1. Tiirkiye deki en biiyiik 10 ilin 1990/95 ile 2000/2005
villart arasinda kis aylarinda atmosferdeki SO> miktarindaki

degisim
iller Kiikiirt dioksit Ortalamasi, pg/m*
1990/95 2000/2005 % Degisim

Ankara 78 56 -28
Antalya 79 55 -30
Bursa 329 107 -67
Diyarbakir 326 128 -61
Erzurum 404 207 -49
Istanbul 379 37 -90
Izmir 219 48 -78
Konya 415 84 -80
Samsun 187 93 -50
Sivas 402 109 -73

Diinyanin tarim yapilan bir¢ok bolgesinde S giibrelemesine
iirlin gelisimi ve verimin verdigi tepkiler belirtilmis ve 6zellikle Bati
Kanada, Bat1 Amerika, Giiney Asya, Avustralya ve Yeni Zelanda’
da bu durumun yaygin oldugu arastiricilar tarafindan tespit edilmistir
(Tisdale & ark., 1986, Rasmussen and Kresge 1986, Beaton and
Soper 1986, Pasricha and Fox 1993). Gegen 10 yil igerisinde Bati
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Avrupa’da havanin daha temiz hale gelmesi ile birlikte S noksanlig
daha yaygmn hale gelmeye baglamistir (Zhao & ark., 1999a,
McGrath & ark., 1996) Almanya’nin kuzeyinde ise N’ tan sonra
bitki biliylimesini sinirlayan ikinci elementin S oldugu saptanmistir
(Schung 1991). Ingiltere’de yapilan arastirmalarda 1990’ I1 yillarda
analiz edilen bugday Orneklerinin %26’ sinin S igeriginin kritik
deger olarak kabul edilen 1.2 mg g-1" 1n altinda, N/S oraninin ise
kritik deger olan 17:1° den daha biiyiik oldugu, 1980’ li yillarda ise
N/S oraninin 12:1 oldugu tespit edilmistir (Zhao & ark., 1995).

Bugday, diinyada {iretimi yapilan en yaygin bitkidir. Kiikiirde
gereksinimi diisiik olmasina karsin bugdayda S noksanligi bir¢ok
iilkede gozlenmis ve tarla kosullarinda S uygulamasina bagl olarak
bugdayin veriminde meydana gelen artig oranlarinin %5-50 arasinda
oldugu (Rasmussen and Kresge 1986, Beaton and Soper 1986, Riley
& ark., 2000, McGrath & Zhao 1995, Randall & Wrigley 1986),
Ingiltere’de ise bu artis oraninin %5-20 arasinda gergeklestigi
(McGrath & ark., 1996) belirtilmistir.

Kiikiirt noksanliginin, bugdayda verim tizerine etkisinin yani
sira bugday ununun kalitesini de 6nemli oranda etkiledigi ve S
noksanliginin tanedeki protein ve amino asitlerin
konsantrasyonlarini azalttig1 ayn1 zamanda bugday ununun ekmek
yapilabilme Ozelliklerini de distrdigi (Moss & ark., 1981,
Kettlewell & ark., 1998, Zhao & ark., 1999b, Flaete & ark., 2005)
cok sayida arastirici tarafindan ortaya konulmustur.

2. Toprakta Kiikiirt
2.1. Inorganik toprak kiikiirdii

Tarim topraklarinda bulunan inorganik S miktar1 organik
kiikiirde gore ¢cok daha azdir. Bohn & ark., (1986)’ a gore pek ¢ok
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tarim topraginda toplam kiikiirdiin %25’ inden daha azi inorganik
formdadir. Topraklarda siilfid (S), elementel S (S°), siilfit (SO37?),
tiyosiilfat (S20572), tetratiyonat (S4O¢?) ve siilfat (SO4-2) baslica
inorganik kiikiirt formlaridir. lyi drenajli topraklarda, siilfidler
toplam kiikiirdiin %1’ inden azini olustururlar. Sulak alanlarda ise
pirit (FeSz) gibi 6nemli oranda metal siilfitler birikir. Olgiilebilir
diizeydeki tiyosiilfat ve tetratiyonat iyonlar1 varligi ise yalnizca S’ i
giibreler veya kirleticilere maruz kalmis topraklarda saptanmaktadir.
Buna karsilik topraklardaki siilfat iyonlar1 6nemli farklilik
gosterebilmekte ve toplam kiikiirdiin =~ %5’ inden azini
olusturmaktadir (Hu & ark., 2005). Toprak ¢ozeltisinde bulunan
siilfatlar, adsorbe edilmis SO472, mineral kiikiirt ve kalsiyum
karbonat ile birlikte ¢okmiis veya kristalize olmus SO4? olarak
tanimlanabilir. Bu son form kirecli topraklarda toplam kiikiirdiin
onemli bir fraksiyonunu olusturur (Tisdale & ark., 1993).

Elkins & Ensminger (1971), adsorbe edilmis SO4 bitkiler
tarafindan kolay alinabilir durumda degilse, baglanmay1 azaltan
herhangi bir uygulama sonucu toprak ¢dzeltisinde SO4?
miktarindaki artmanin bitkiler tarafindan alimi kolaylastiracagini
bildirmistir. Mehlich (1964), adsorbe edilen SO42’1n ¢dzeltiye
gecisinin ilave edilen Ca(OH); miktariyla iliskili oldugunu, bunun
da Ca(OH). ilavesi nedeniyle artan pH’ dan kaynaklandigim
belirtmistir. Bu ylizden diizenli kire¢lenen tarim topraklarinin ytizey
topraklarinda diisiik oranda SO4* adsorpsiyonu beklenir ve kireg ile
jipsin birlikte ilavesi SO4 yarayishiligini artirir (Serrano & ark.,
1999).

Kacar (1968) tarafindan, Tirkiye’nin degisik yerlerinden
alman 98 toprak 6rneginde tiirbidimetrik yontemle yapilan analizler

sonucunda SO42-S miktarinin topraklarm %30’ unda 10 mg S kg!
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dan az ve %70’ inde ise 10-20 mg S kg! arasinda oldugu
belirlenmistir. Kacar ve Amin (1985), Trakya Bolgesi Meri¢ Havzasi
topraklarinin bitkiye yarayish kiikiirt durumlarini  belirlemek
amaciyla yaptiklar1 bir ¢alismada bolge topraklarinda elverisli S
miktarinin  6.9-35.9 mg kg' arasinda degistigini ve ortalama
miktarm 12.7 mg kg oldugunu belirlemislerdir. Ulgen vd. (1989)
tarafindan, Tirkiye topraklarinin eksrakte edilebilir S igeriklerini
belirlemek amaciyla yapilan ¢aligmada, kritik diizey olarak 10 mg S
kg! kabul edilmis ve buna gore Tiirkiye topraklarmin %11.5” inin S
bakimindan kritik diizeyin altinda oldugu belirtilmistir. Inal & ark.,
(2003) tarafindan, Ankara civarindan alinan 46 toprak drneginde
toplam kiikiirt miktarmmn 42-556 mg kg! arasinda degistigi,
ortalama miktarin 144 mg kg™ oldugu; ekstrakte edilebilir kiikiirt
miktariin ise 6.72-121.75 mg kg! arasinda degistigi ortalama
miktarm ise 15.52 mg kg' oldugu tespit edilmis ve ekstrakte
edilebilir kiikiirt icin kritik diizey olarak 12 mg kg kabul
edildiginde bu topraklarin %350’ sinde S noksanliginin oldugu

belirtilmistir.
2.2 Organik toprak kiikiirdii

Bloem (1988)’ e gore toplam toprak kiikiirdiiniin %98’ ine
varan oranlarda biiyiik¢e bir kismi1 organik kiikiirt bilesikleridir ve
bitki artiklari, hayvan ve toprak mikroorganizmalarindan olusan

heterojen bir karigimla iliskilidir.

Kimyasal olarak ¢ok degisken oldugu bilinen fakat bugiin bile
az siniflandirilabilmis olan toprak organik kiikiirdii iki ana gruba
ayrilir. Bunlar karbon (C)’ a bagh ve bagli olmayan yani organik
(ester) siilfatlardir. Organik siilfatlar, siilfat esterleri (C-O-S),
silfamatlar (C-N-S) ve siilfatlasmis tiyoglikozidler (N-O-S)’dir.
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Organik siilfatlar topraktaki toplam kiikiirdiin  %30-75" ini
olustururlar. Karbona bagl kiiklirt gruplar1 ise aminoaistler,
proteinler, polipeptitler, biyotin ve tiamin gibi heterosiklik bilesikler,
stilfinatlar, siilfonlar ve siilfoksitler seklinde bulunurlar. Karbona
bagli kiikiirt hiimik asitlerin aromatik yapilarinda da bulunur.
Toprakta bulunan C-S baglarinin biiylik bir boliimii heniliz tam

tanimlanamamistir (Freney 1986).

Stevenson (1986)° n bulgularina gore, toprak organik
kiikiirdiinlin  %1-3” @ mikrobiyolojik kiitleden gelebilir. Son
caligmalar, mikrobiyolojik kiitle kiikiirdiiniin genellikle toplam
toprak  organik  kiikiirdiiniin =~ %1.5-5 ini  olusturdugunu
belirtmektedir (Banerjee & ark., 1993, Wu & ark., 1993).
Mikrobiyal hiicrelerde proteinler ve amino asitler kiikiirdiin temel
formlaridir (Banerjee & Chapman 1996). Bircok toprak
mikroorganizmasinin S konsantrasyonu kuru agirhikta 1-10 pg/g
arasinda, C:S oran1 57:1-85:1 arasinda degisir ve N:S oran1 yaklagik
10:1° dir. Fakat C:S oraninin sabit olmadigi, S uygulamasina bagl
olarak oldukg¢a hizli degistigi yoniinde isaretler de vardir. Kiikiirt
simirlandirict bir faktér oldugunda, hem substrattaki diisik S
konsantrasyonu hem de bitki alim1 sonucu olusan rekabet nedeniyle
kiitlenin C:S orani 80-100 aras1 degerlere ulasabilmektedir (Banerjee
& ark., 1993).

Toprakta kiikiirt dongiisiinde mikrobiyolojik kiitle oldukca
etkindir ve en aktif havuz oldugu diisiiniiliir (Stevenson 1986).
Genellikle, organik madde uygulamasi mikrobiyal kiikiirt iceren
mikrobiyolojik kiitleyi artirir. Mikrobiyal kiikiirt sicaklikla birlikte
artarken toprak neminin az oldugu kosullarda azalir (Gupta &
Germida 1989, Ghani & ark., 1990). Wu & ark., (1993) tarafindan

yapilan bir inkiibasyon c¢alismasinda topraga karistirilan arpa
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sapindaki kiikiirdiin %20’ si ve kolza yapraklarindaki kiikiirdiin
%30’ unun 25 °C sicaklikta 5 giin icinde mikrobiyal kiikiirde
dontstiigii belirlenmistir.

2.3 Kiikiirt mineralizasyonu ve immobilizasyonu

Toprak kiikiirdii organik ve inorganik kiikiirt formlarina
stirekli doniisiim igerisindedir. Organik kiikiirt bilesikleri bitkiler
tarafindan alinamadiklarindan bunlarin bitki alimindan 6nce
biyokimyasal veya mikrobiyolojik mineralizasyonla inorganik SO4
2> a déniismesi zorunludur (Castellano and Dick 1991). Enzimler
kadar mikroorganizmalarinda goérev yaptigi bu donilisim c¢evre
sartlarindan etkilenen proseslerdir. Biyokimyasal mineralizasyon
farkl siilfatazlar tarafindan siilfat esterlerinin hidrolizasyonu iken
karbona bagl kiikiirtlerin mikrobiyolojik mineralizasyonu enetji
ihtiyaclarim1 ~ karsilamak {lizere karbon gereksinen toprak
mikroorganizmalarinin aktivitesine baglidir ve sonugta C’ un CO2’
e yukseltgenmesinin bir yan iiriinii olarak S agiga cikar (Eriksen &
ark., 1998).

Etiketli SO4-S ile kisa donemli bir calisma yapan McLaren &
ark., (1985)’ in aragtirma sonuglari, karbona bagh kiikiirde gore
stilfat esterlerin daha fazla mineralize olabildigi ve topraktaki SO4’
n gegici deposu olarak gdrev yaptig1 yolundaki bilgileri destekler
niteliktedir. Etiketli SO4’ 1n topraga uygulandiktan kisa bir siire
sonra %60-90’ 1 ester siilfat fraksiyonuna baglanmakta ve bitkiler
tarafindan sonradan alinan kiikiirdiin biiyiik¢e bir kismi1 bu havuzdan
saglanmaktadir. McLaren & ark., (1985)’ in kisa donem dongii
calismasinin sonuglari, bitkiler tarafindan hemen alinabilir kiikiirt
kaynaginin siilfat esterler oldugunu gostermistir. Klose & ark.,
(1999) ise drneklemeden iki yil sonra bile siilfat ester miktarinda ¢ok
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az bir degisim oldugunu bulmustur. Bu sonug ise topraktaki ester
siilffat gruplarmin  hepsinin ayni  dayamiklilikta olmadigini
gostermektedir. Toprak siilfat esterlerinin biiyiik bir kismi 6zellikle
mikrobiyal enzimler araciligiyla mineralize olur ve agiga ¢ikan siilfat
bitki kokleri tarafindan alinabilir.

Indirgenmis organik kiikiirt bilesikleri temel olarak proteinler
ile kiikiirt iceren amino asitlerde bulunur. Proteinlerden, kiikiirt
iceren amino asitlerin agiga c¢ikabilmesi i¢in birinci asama
hidrolizdir. Ikinci asama ise havali kosullarda kendiliginden
oksidasyonla SO4’ a doniisen H>S olusumudur (Mengel & Kirkby
1987).

Jaggi & ark., (1999), toprak organik kiikiirt bilesiklerinin
mineralizasyonuna ii¢ farkli sicakligin etkisini arastirdig1
caligmasinda, sicakligin 6nemli oranda etkisinin oldugunu ve
mineralizasyon oraninin 36 °C’ de en yiiksek degere ulagtigini
belirtmistir. MacDonald & ark., (1995) ise, 5-25 °C arasinda bes
farklh sicaklikta 32 hafta siireyle laboratuar kosullarinda yiiriittigi
inkiibasyon ¢alismasinda, S mineralizasyon oranmin sicaklikla
birlikte artis gosterdigini belirtmistir.

Ardisik  iki  yetistirme sezonu boyunca Danimarka
topraklarinda kiikiirt mineralizasyonunu o6l¢en Eriksen & ark.,
(1995), net mineralizasyonun 3.3-6.7 mg kg' yil! arasinda
degistigini ve bunun toplam toprak organik kiikiirdiiniin %1.7-3.1° 1
oraninda oldugunu belirtmistir.

Kiikiirtce fakir (6rnegin saman) organik maddenin topraga
karistirilmasi kiikiirt immobilizasyonuna neden olmaktadir. Eriksen
(1997)’ e gore kolay alinabilir karbon kaynaginin bulunmasi toprak
inorganik SO4-S’ i miktarinda hizla diistlise yol agmakta ve bitkilerin
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kiikiirt alimin1 da azaltmaktadir. Stewart & ark., (1966), kiikiirt
immobilizasyonunu azaltmak ve en yiiksek pargcalanma oranini
garantilemek i¢in yaklasik 1.5 g S kg' kiikiirt igeren bugday
samaninin yeterli olacagini belirtmistir.

3. Bitkide Kiikiirt
3.1 Kiikiirt alinimi ve tasinimi

Bitkiler gereksinim duyduklar kiikiirdiin biiytik bir boliimiinii
kokleri araciligiyla toprak c¢ozeltisinden siilfat (SO4?) anyonu
seklinde alirlar. Siilfat aliminda en 6nemli yorenin kok tiiyii yoresi
oldugu belirtilmistir (Cacco & ark., 1980). Bowen & Rovira (1971)’
ya gore kok ucundan itibaren ilk 5 cm’ de bugday koklerinin SO4
alim1 en fazladir. Son yapilan calismalar SO4° m H'/SO472 iyon ¢ifti
seklinde taginarak alindig1 goriisiinii desteklemektedir (Clarkson &
ark., 1993, Leusteck & Saito 1999). Kéklerden SO4? anyonunun
girisinin pH 4.0’ te en hizli oldugu ve pH arttikga azaldig
belirtilmistir. (Leggett & Epstein 1956). Hendrix (1967), fasulye
bitkisinde en yiiksek SO42 absorpsiyon oraninin pH 6.5’ te oldugunu
belirtmistir. Bitkilerin SO4?2 alim iizerine fosfat (H,POx’), nitrat
(NO3") ve klor (CI') konsantrasyonlarinin énemli etki yapmadiklari
saptanmistir. Ancak kimyasal yonden yakin benzerlik igerisinde
bulunan selenit (SeOs), molibdat (MoOs?), kromat (CrOs’
anyonlar1 SO4? alimini olumsuz sekilde etkilemektedir. Bu durum
ayni tastyicilar tarafindan taginmalari ile agiklanmaktadir.

Bitkiler yapraklardaki stomalarin giinliikk ag¢ilip kapanma
stireleri igerisinde atmosferden de SO> alirlar. Stomalar araciliiyla
aliman SO; daha sonra bitki iginde dagilarak farkli kiikiirt
fraksiyonlarina doniigiir. Faller (1972)’ e gore SOz’ in diisiik
konsantrasyonlart (1.5 mg m-®) kikiirt noksanligmnmn

—4)--



hafifletilmesinde yararh etkiye sahiptir. Tek yillik bitkiler i¢in kritik

SO: konsantrasyonunun 120 pg SO2 m>

(Saalbach 1984).

oldugu belirtilmistir

Organik kiikiirt bilesikleri koklerde sentezlenebilir olmakla
birlikte, kiikiirdiin biiyiikkge bir kism1 SOs? formunda gévdeye
taginir. Kiikiirdiin  koklerden, indirgenme ve asimilasyonun
gerceklestigi govde dokusunun kloroplastlarina taginmasi ksilemde
uzun mesafe tasinimi ve bir cok membrandan gegisi icerir (Clarkson
& ark., 1993). Smith (1976)’ in kinetik ¢alismalar;, SO4+%> 1
kendisinin SO4? taginiminin engelleyicisi oldugunu gdstermektedir.
Siilfatin ksileme aktarilmasi suyun yatay hareketi ile etkilesir ve
yapraklara SO4+% 1n tasinmasinda transprasyon akis yonii etkilidir
(Rennenberg & ark., 1979). Hell & Rennenberg (1998), uzun
mesafe tasinim kadar kiikiirt kaynaginin engellenmesinin de hasat
edilen bitki aksamlarinda indirgenmis kiikiirt bilesiklerinin
bulunmas1 yoniinden tarimsal 6neme sahip oldugunu belirtmistir.
Zhao & ark., (1999a)’ a gore indirgenmis formdaki kiikiirt sistein
olarak taginir ve daha sonra glutation baglanir.

Hell & Rennenberg (1998)’ e gore, SO4? floem 6z suyunun

2> 1n floemde hareketinin

genel bir bileseni olmakla birlikte SO4
sekerlerin kitle hareketine bagli olup olmadig1 sorusu giincelligini
korumaktadir. Giiniimiizde SO4 tasinim hiz1 konusundaki bulgular
yetersizdir. Indirgenmis kiikiirt bilesiklerinin biiyiik¢e bir kisminin

govdeden koke taginimi temel olarak glutation formunda olmaktadir.

Farahbakhsh & ark., (1999) tarafindan, bugdayin farkl iki
gelisme doneminde *°S-SO4 alimini arastirmak iizere yiiriitiilen sera
denemesi sonucunda; etiketli kiikiirt GS 24 (Zadoks & ark., 1974)
gelisme doneminde uygulandiginda alinabilir kiikiirdiin yalnizca
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%14’ iniin bitki aksamlarinda bulundugu, yeni cikan yapraklar
tarafindan alimin siirekli olarak artis gosterdigi, radyoaktif etiketli S
¢oOzeltisi uygulamasi bittikten sonra olusan yapraklarin S’ i bitkinin
diger aksamlarindan tasiyarak aldigi, son hasatta basaklarin 6nemli
ve yeni bir depo haline doniistiigli ve etiketli S’ {in %68’ ini
aldiklarmi tespit etmiglerdir. Etiketli kiikiirt GS 41-45 (Zadoks &
ark., 1974) gelisme doneminde uygulandiginda ise; alinabilir S’ iin
ortalama %93’ {inlin uygulamay: takip eden 3 giin i¢inde alindig,
bunun da biiylik¢e bir kisminin tagindig1 ve toprak iistii aksamlar
tarafindan alindigi, son hasatta %353’ iiniin ise tanelerde
bulundugunu tespit etmigler ve arastirma sonuglarnin S
rezervlerinin yeni olusan depo organlara yeniden tasinabilecegi ve
stilfat iyonlarin yeni olusan depolar tarafindan ihtiya¢c duyulana
kadar bitki tarafindan depo havuzu olarak biriktirilebilecegini
gosterdigini belirtmiglerdir.

Fitzgerald & ark., (1999a)’ a gore, generatif biiylime siiresince
irilesen bugday taneleri depo proteinlerini sentezlemek {lizere N ve
S’ e ihtiyag duyarlar. Tane biiylimesi i¢in ihtiya¢ duyulan S’ iin
vejetatif dokulardan alindigi hipotezini test etmek iizere 50 pM
kiikiirt (diisiik-S) veya 200 uM kiikiirt (yliksek-S) igeren besin
cozeltisinde ve generatif gelisme siliresince degisik zamanlarda besin
maddesi uygulamasini durdurarak bugday yetistirmislerdir. Besin
maddesi uygulamasi durdurulduktan sonra, yiiksek-S ile beslenen
bitkilerin kok ve yapraklarindaki depolardan ¢oziinebilir S° 1
biiyliyen tanelere yeniden tagidigini, diisiik-S ile beslenen bitkilerin
ise yapraklarindaki ¢oziinemez S’ ii (protein-S) tanelere yeniden
tagidigini belirtmislerdir.

Fitzgerald & ark., (1999b) tarafindan, yagisa bagli olarak

yetistirilen bugdayin irilesen tanelerinin S° i bitkinin vejetatif
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biiyiime siiresince biriktirdigi S’ ten almak zorunda oldugu, generatif
bliyiime siiresince koklerden siilfatin yeniden dagilimimnin S
ihtiyacina bagli olarak degistigi, glutationun yeniden dagiliminin ise
kloroplastlarin pargalanmasi sonucuna bagli oldugu, diisik S ile
beslenen bitkilerde N gereksinimine bagli olarak yaprak
proteinlerinin hidrolizinin tane biiyiimesi i¢in en 6nemli S kaynagini

olusturdugu belirtilmistir.

Anderson & Fitzgerald (2001), bugday bitkisini vejetatif
gelisme siiresince yeterli kiikiirt ile yetistirip, generatif gelisme
stiresince kiikiirtte dahil olmak iizere besin maddesi uygulamasini
durdurarak yirittiikleri ¢alismalarinda; ¢igeklenmeden sonra besin
almayan bitkilerin tane verimi ile bitkilerin S igeriklerinin generatif
gelisme siiresince S alan bitkilerle ayni oldugunu belirtmislerdir.
Ciceklenme doneminde S wuygulamasi durduruldugunda, tane
biiylimesi i¢in gereksinilen S’ iin temel olarak koklerdeki siilfat ve
bayrak yapraklarindaki glutationdan alindigini, ¢6ziinemez S’ {in ise
onemli bir kaynak olmadigin1 belirtmislerdir. Cigeklenmede S
uygulamasi durdurulmadan 6nce yetersiz S alan bitkilerin diisiik S
icerikli depo proteinleri olusturdugunun gostergesi olan diisiik verim
ve diisik S iceren tane olusturdugunu belirtmislerdir. Tane
proteinlerinin sentezi i¢in gerekli olan kiikiirdiin de ¢o6ziinebilir
kaynaklardan ¢ok temel olarak bayrak yapraklarindaki protein-S’

tinden alindigini bildirmislerdir.

3.2 Kiikiirt asimilasyonu ve indirgenmesi

Yiiksek bitkilerde S indirgenmesi ve asimilasyonun da rol alan
enzimler, indirgenmenin 151k yogunluguna siki bir sekilde bagh
olmast nedeniyle temelde yesil yapraklarin kloroplastlarinda
bulunurlar (Frankhauser & Brunold, 1978, Schmutz & Brunold,
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1984). Diger bitki organlariin da kiikiirt indirgenmesinde rol alip
almadiklar1 konusundaki bulgular yetersizdir. Kiikiirdiin kok
plastidlerinde indirgenerek asimile edilmesi ihmal edilebilir
diizeydedir (Scherer, 2001).

Kiikiirt gereksinimlerini karsilamak {izere bitkiler kokleriyle
aldiklar1 SO iyonlarin1 ve atmosferden absorbe ettikleri SO’
asimile edebilmek icin siilfide (S?) indirgerler. Kiikiirdiin
asimilasyonu pek ¢ok yonden nitratin (NO3") asimilasyonuna benzer.
Nitrat indirgenmesi ile karsilastirildiginda, siilfat indirgenmesi biraz
daha negatif geri beslenme kontrolii altindaymis gibi gériinmektedir.
Potansiyel toksik sisteinin asir1 birikimi o-asetilserin biyosentezinin
allosterik negatif geri beslenmesi ile Onlenir. Nitrat seklindeki
azottan farkli olarak bitkiler indirgeme yapmadan da siilfattan
yararlanabilirler. Bunun bir sonucu olarak siilfat, hiicre
membranlarindaki siilfolipidler ve benzeri temel organik bilesiklere
ya da agar gibi polisakkaritlere baglanir. Ayrica azotun aksine
indirgenmis kiikiirt bitkilerde yeniden yiikseltgenebilir. Sistein
amino asidine baglanmis olan indirgenmis kiikiirt bu yiikseltgenme
tepkimesi sonunda siilfata doniisebilir. Bu olgu bitkilerde kiikiirt
birikiminin en giivenilir yolu olarak kabul edilmektedir (Zhao &
ark., 1999a).

Bitkilerde siilfat (SO4) asimilasyonunda ilk asama siilfat
iyonunun ATP (Adenozin trifosfat) ile aktive edilmesidir. Bu
reaksiyonda siilfiiril grubu tarafindan ATP siilfiirilaz enziminin
etkinligi ile ATP’ den iki fosfat grubunun uzaklastirilmasiyla APS
(Adenozin fosfosiilfat ) olusur. Siilfatin aktive edilmesiyle meydana
gelen adenozin fosfosiilfat (APS), siilfat esterlerinin olusumunda ya
da siilfatin indirgenmesinde ana madde olarak gorev yapar. Siilfat,

APS rediiktaz ve siilfit rediiktaz enzimleri araciligiyla tiyol (-SH)
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gruplarina aktarim sirasinda siilfite (SO3°) indirgenir. Tiyol grubuna
baglanan siilfit (SO3”) daha sonra siilfit rediiktaz ya da organik
tiosiilfat rediiktaz enzimlerinin etkinligi ile siilfide (S) indirgenir.
Kloroplastlarda elektron vericisi olan ferrodoksin ise anilan bu iki
enziminin etkinligi ile indirgenmektedir (Brunold, 1993).

Tepkimeler sonucu olusan —SH grubu asetilserine aktarilir.
Daha sonra asetilserin, sistein amino asiti ile asetatr olusturur.
Kiikiirt indirgenmesi ve asimilasyonunun ilk stabil iiriinii olan sistein
diger indirgenmis S igeren bilesiklerin sentezinde baslangic madde
olarak gorev goriir. Sistein amino asidi proteinlerin, koenzimlerin,
ikincil tiriinlerin, etilen ve benzeri bilesiklerin olusumuna onciilitkk
eden ana maddedir. Bir CH3 grubunun aktarim ile sistein, kiikiirt
iceren Onemli bir baska amino asit olan metionini olusturur
(Marschner 1995).

3.3 Kiikiirt noksanhgi

Bitkilerde S noksanlig1 belirtileri ¢ok spesifik degildir ve N
veya diger besin noksanliklariyla karistirilabilir. Bu nedenle S
noksanliginin teshisinde daha giivenilir yaklagimlara ihtiya¢ vardir.
Bu amagla, McGrath & Zhao (1995), basit bir bilgisayar modeli
kullanarak Ingiltere’de S noksanlig1 olan alanlar1 tahmin etmeye
calismiglardir. Bu modelde bir bitkinin optimum S ihtiyacinin yan1
sira atmosferden S girdisi ve degisik toprak ve iklim 6zellikleri gibi
bilgilere ihtiya¢ duyulur. Gelistirilen bu model ile 1990 larin
ortasinda Ingiltere’ de toplam alanlarin yaklasik %11’ inde tahillar
icin yiiksek diizeyde S noksanligi iceren alanlarin oldugu ve %22’
sinin de orta diizeyde noksanlik riski tasidig1 belirlenmistir.

Toprak analizleri besin maddesi noksanliginin

tanimlanmasinda yaygin olarak kullanilan yaklasimlardan birisidir.
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Bir¢ok sera denemesi, toprak analiz sonuglari ile ilave edilen S’ e
bitkinin tepkisi veya S alimi arasinda iyi bir iliskinin oldugunu
gostermistir (Anderson & ark., 1992, Zhao & McGrath 1994). Zhao
& ark., (1999a)’ a gore, toprak analizleri sadece S’ e tepki vermeyen
ve yiikksek oranda yarayishh S igeren topraklarin S durumunun

tahmininde giivenilirdir.

Kiikiirt noksanligmin teshisinde bitki analizlerinin daha
giivenilir bir yontem oldugu diistiniilmektedir. Toplam S, N/S orani,
stilfat-S ve siilfat-S/toplam S oran1 gibi degisik teshis kriterleri
onerilmekle birlikte bugiine kadar hangi gostergenin en iyi oldugu
konusunda bir fikir birligi saglanamamistir. Bitki dokularinda
toplam S, siilfat (SO4) ve toplam N konsantrasyonlart bitkinin
gelisme donemi boyunca belirgin degisimler gosterdigi i¢in, farkl
gelisim donemlerinde sabit bir kritik deger elde etmek cok zor ve
hatta imkansizdir. Onceki ¢aligmalarda bugdayda N/S ve siilfat-
S/toplam S oranlariin bitki gelisme donemi boyunca sabit oldugu
diistincesiyle bu oranlarin  bitkide toplam S veya SOq4
konsantrasyonlarindan daha iyi bir kriter oldugu belirtilmistir
(Rasmussen & ark., 1977, Spencer & Freney 1980). Giiniimiizde
yapilan c¢aligmalar ise farkli gelisme donemlerinde bu oranlarin
onemli dalgalanmalar sergiledigini gostermistir (Robson & ark.,
1995). Farkli gelisme donemlerinde herhangi bir kriterin sabit bir
deger tasimasini beklemek uygun degildir. Kritik degerlerdeki
farkliliklar1 ortadan kaldirmak i¢in 6rneklemenin belirli bir gelisme
doneminde yapilmasi gerekmektedir. Spencer & Freney (1980),
tarlada yetisen bugdayin (GS 31; Zadoks & ark., 1974) gévdesinin
tamaminda toplam S i¢in 1.5 mg g, siilfat-S’ {i i¢in 0.19 mg g™! ve
N/S oram1 ig¢in ise 19/1 degerlerini kritik deger olarak
belirlemislerdir. Daha yiiksek kritik degerler bitki analizi i¢in sadece
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bayrak yapraklarmin alimmasi durumunda kullanilmaktadir.
Pasricha & Fox (1993), bagsaklanmasini tamamlamis (GS 45; Zadoks
& ark., 1974) bir bitkiden yalnizca bayrak yapragi alindiginda S
konsantrasyonu i¢in kritik degerin 1.9 mg g! oldugunu bildirmistir.
Bitkide doku analizleri yaparak giivenilir sekilde S noksanliginin
belirlenmesinin, vejetatif gelisme doneminin sonuna dogru
yapilmasiyla olanakli oldugu belirlenmistir. Randall & ark., (1981),
bugdayda S noksanliginin teshisinde tanenin S konsantrasyonu igin
1.2 mg g™, N/S orami iginse 17/1 kritik degerlerini kullanmiglardir.

Kiikiirdiin ~ bilinen fonksiyonlarmma baglhi olarak, N
noksanliginda oldugu gibi S noksanlig1 da rengin agilmasina, sarimsi
yesilden tamamen sararmaya varan bir belirti gosterir, bu ylizden N
noksanligindan ayirmak zordur, bazen de miimkiin degildir.
Ozellikle yogun gelisme doéneminde S noksanligi olan bitki,
noksanligin gen¢ yaprakta goriilmesiyle N noksanligindan
ayrilabilir. Kikiirt noksanligi durumunda artan kloroz siddeti
kloroplastlarda protein metabolizmasinin bozulmasindan ve klorofil
sentezinin azalmasindan kaynaklanir. Kiikiirt noksanligi olan
bitkiler normal bitkilere gére daha kisadir, noksanlik erken donemde
olursa bitkiler bodurlasir ve N noksanliginda oldugu gibi sert
gOriiniimlii bir yap1 kazanir, yapraklar normale gore kiiclik ve dardir,
koke gore govde biiylimesi daha siddetli etkilenir (Bergmann 1992).

3.4 Bitkilerin kiikiirt gereksinimi

Bir bitkinin S gereksinimi maksimum verim elde edebilmek
icin gerekli olan minimum S miktar1 olarak tanimlanabilir. Ayni
zamanda tirliniin kaliteli olmas1 da amaglaniyorsa S gereksinimi
daha yiiksek olabilir. Bitkilerin toplam S ihtiyact bitki tiiriine ve
gelisme donemine gore farklilik gosterir. Genel olarak turpgillerin
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(Cruciferae) ve zambakgillerin (Liliacae) S ihtiyact en fazla,
bugdaygillerin (Gramineae) diisiik buna karsilik baklagillerin
(Leguminosae) S ihtiyaci ise bu ikisinin arasindadir. Walker &
Booth (1992)’ a gore yaglik kolza bitkileri 20-30 kg S ha'!, tahillar
ise 10-15 kg S ha™! arasinda S kaldirmaktadarlar.

Westfall & ark., (1990) tarafindan, bugdayda gelisim
donemlerine bagli olarak bitkide S konsantrasyonunun degistigi,
ornegin bugdayda kardeslenme doneminde bitkilerin yesil
aksamindaki kritik S konsantrasyonunun 2.2 mg g, sapa kalkma
doneminde 1.9 mg g! ve siit olum déneminde ise 1.5 mg g™ oldugu
belirtilmistir. Ingiltere’ deki calismalardan elde edilen sonuglara
gore, bugdayin ¢igeklenme donemindeki bayrak yapraginda toplam
S konsantrasyonu 2 mg g™ dan diisiik ve N/S oran1 17’ den biiyiikse
bugday i¢in kritik noksanligin s6z konusu oldugu belirtilmistir

(Withers & Sinclair 1994, Withers & ark., 1995).

Azot ve kiikiirt arasindaki kuvvetli iliskiden dolayr S
giibrelemesine iiriin tepkisi genellikle N giibrelemesinin miktarina
baglidir. Yiiksek miktarlarda N giibrelemesi S noksanliginin ortaya
cikmasina sebep olabilmektedir. Bugdayin tane olgunluk dénemine
dogru gidildikg¢e kaldirdigi S miktarinin arttig1 ve topragin yeterli S
icermesi durumunda kiglik bugday tarafindan kaldirilan S miktarinin
15-25 kg ha! arasinda degistigi bulunmustur. Fakat bitkinin
kaldirdigi S miktar1 Ingiltere’ de 15 kg ha'” m altina diistiigii
durumlarda siklikla S noksanligi ile karsilasildigi bildirilmistir
(Zhao & ark., 1999a). Genel bir kural olarak yeterli S’ iin oldugu
kosullarda kislik bugdaydan 1 ton tane verimi elde edebilmek i¢in
gereksinilen S miktar1 2-3 kg ha'” dir. Ekmeklik bugday cesitleri
ekmeklik olmayan cesitlere kiyasla tanesinde yaklasik %10 oraninda

daha fazla S konsantrasyonuna sahiptir. Ayn1 zamanda ekmeklik
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cesitler ekmeklik olmayan c¢esitlere gore daha fazla protein igerirler
(Zhao & ark., 1995).

Hitsuda & ark., (2005) tarafindan, 0, 0.5, 1.0, 2.0, 4.0, 6.0, 8.0,
16.0 ve 32.0 mg L' dozlarinda S igeren besin ¢ozeltisinde yetistirilen
soya fasulyesi, celtik, misir, fasulye, bugday, pamuk, sorgum ve
aycicegi bitkilerinin erken gelisme doneminde S noksanligi igin
kritik konsantrasyonlarin belirlenmesi amaciyla yapilan arastirma
sonucunda; besin ¢ozeltisindeki krittk S konsantrasyonunun
aycicegi icin en az 2.0 mg L', pamuk, sorgum, bugday ve soya
fasulyesi icin 1.0 mg L', fasulye, celtik ve musir icin ise 0.5 mg L!
veya daha az olmas1 gerektigi; gelismenin erken donemlerinde bitki
dokularindaki kritik S konsantrasyonunun misir ve soya fasulyesi
i¢in 0.8 g kg'!; pamuk, sorgum ve ¢eltik icin 1.1-1.3 g kg'1; bugday,
aycicegi ve fasulye igin ise 1.4-1.6 g kg'! oldugu belirtilmistir.

3.5. Kiikiirt -verim iliskileri

Yapilan tarla ve sera denemeleri sonucunda; S’ {in bugdayda
verim &geleri lizerine etkisinin dncelikle basakta tane sayis1 iizerine
oldugu, ayrica S noksanliginda basak¢ik veya ¢icek olusumunun
geriledigi, c¢iceklerin canliligii kaybetme oranlarimin arttig
bildirilmistir (Archer 1974, Scott & ark., 1984, Haneklaus & ark.,
1995). Diger verim Ogelerinden olan 1000 tane agirhigr ve
kardeslenme sayisinin, S noksanligi siddetli degilse daha az
etkilendigi belirtilmis ve bitkilerde siddetli S noksanligi durumunda
S uygulamasinin, diisiik 6zgiil agirliga sahip tane tiretimine ve 1000
tane agirliginin azalmasina sebep oldugu bildirilmistir (Zhao & ark.,
1997). Kiikiirdiin bugday bitkisinin verimi ve verim 0Ogelerine
etkisine ait derlenen arastirma sonuglari asagida 6zetlenmistir.
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Dong & ark., (2003) tarafindan, farkli dozlarda (0, 67.5 ve 90
kg S ha!) uygulanan S’ iin iki kislik bugday ¢esidinin (Lumai 22 ve
Yannong 15) protein kapsami iizerine etkisini arastirmak {izere
Cin’de yiiriitillen tarla denemesinde; S uygulamasinin bugdayin
bayrak yapraklarinda ve kokiinde nitrat rediiktaz enzim aktivitesini
artirdi81, 67.5 kg S ha™! uygulamasinin tanenin protein kapsamini ve

kalitesini, glutenin birikimini ve tane verimini artirdigi belirtilmistir.

Inal & ark., (2003), 1999-2000 yilinda yaptiklar1 bir tarama
ve 2000-2001 yilinda yaptiklar1 sera ve tarla denemeleri sonunda
toprak, bugday samani ve tanelerinin % 50’ sinden daha fazlasinda
S noksanlig1 tespit ettiklerini, toplam ve ekstrakte edilebilir S
arasinda ve hem toplam hem de ekstrakte edilebilir S ile tanenin S
kapsami arasinda onemli korelasyon iligkileri bulundugunu, ayrica
saman ile tanenin S kapsami arasinda da Onemli korelasyon
bulundugunu, ekmeklik (Bezostaja) ve makarnalik (Kiziltan)
bugday cesitlerinin verim ve verim dgelerinin hem sera hem de tarla
denemelerinde 6nemli oranda etkilendigini, sera denemesinde 10 mg
kg! S uygulamasiyla bugday cesitlerinin kuru agirliklarmin arttig:,
tarla denemesinde ise 20 kg ha! S uygulamasi ile bugday cesitlerinin
tane verimlerinin arttii, bitkide S konsantrasyonu, basakta tane
verimi ve hasat indeksinin her iki bugday ¢esidinde, m2’ deki basak
sayist ile fertil ve kisir basakc¢ik sayisinin Bezostaja, 1000 tane
agirhginin ise Kiziltan c¢esidinde S giibrelemesinden olumlu
etkilendigi, S giibrelemesine bagli olarak her iki ¢esidin tane ve
govdesinde N/S oraninin azaldigi belirtilmistir.

Hoffmann & ark., (2004) tarafindan, Almanya’ da yapilan
tarla denemeleri sonucunda ise S uygulamasinin (0, 20 ve 40 kg S
ha-1), seker pancarmin geng¢ yapraklarinda S konsantrasyonunu
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etkilemedigi, ayrica seker pancarinin verimi ve kalitesi iizerine de S

uygulamasinin bir etkisinin olmadigi belirtilmistir.

Malik & ark., (2004), kanola bitkisinin gelisimi, tohum verimi
ve yag icerigi iizerine 0, 25, 50, 100, 125 ve 150 kg S ha'
seviyelerinde uygulanan kiikiirdiin etkisini aragtirmak amaciyla
yiiriittiikleri tarla denemesi sonucunda; en yiiksek tohum veriminin
(3725 kg ha') 100 kg ha-1 S uygulamasi ile, en diisiik tohum
veriminin ise (2870 kg ha-1) kontrol gruplarindan elde edildigi,
tohum yag igeriginin artan S seviyeleri ile arttig1 ve en yiiksek
degerin (%45.1) 150 kg ha! S uygulamas: ile elde edildigi, 100 kg
ha! S uygulamasmm diger tiim uygulamalardan daha ekonomik

oldugu belirtilmistir.

Gyori (2005) tarafindan, farkli bugday cesitleri ile degisik
topraklar lizerinde N, P ve K giibrelemesi (P kaynag: siiperfosfat)
yaparak, tanenin S igerigine etkisini aragtirmak amaciyla
Macaristan’ da yapilan tarla denemesi sonucunda; kislik bugday
cesitlerinin tanelerinin ortalama 1500 mg kg™ S icerdigi, gesitler
arasindaki farkin 120 mg kg!” a ulastigi, tanenin S igeriginin S
yaninda N giibrelemesinden de etkilendigi, dnemli N-S iligkisine
bagl olarak artan protein igerigi ile tanenin S igeriginin arttig
bildirilmistir. Yillik 100 kg ha-1 siiperfosfat (10 kg’ dan fazla S
iceren) giibrelemesi ile 5 t ha™! tane verimi i¢in yeterli S saglanacag:
belirtilmistir.

Sofi & ark., (2004), farkli dozlarda kiikiirt (0, 30 ve 60 kg S
ha!) ve azot (0, 60 ve 120 kg N ha') giibrelemesinin aygicegi
bitkisinin gelisimi ve verimi iizerine etkisini degerlendirmek
amaciyla yiirtittiikleri tarla denemesi sonucunda; artan dozlarda
uygulanan S ve N giibrelemesinin ay¢iceginde klorofil ve karoten
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kapsamlarinmi artirdigi, bu kriterler tizerine N’ un S’ ten daha etkili
oldugu; ayrica, tohum verimi, hektolitre agirligi, hasat indeksi ve
protein kapsaminin da her iki giibre dozunun artmasiyla birlikte
arttigi, ancak tohum yag iceriginin N dozunun artmasiyla azalirken

S dozunun artmasiyla birlikte arttig1 bildirilmistir.

Ruiz & ark., (2005) tarafindan, fasulye bitkisinde NO3-
metabolizmas1 lizerine S noksanlifi ve toksisitesinin etkilerinin
belirlenmesi amaciyla yiiriitiilen bir sera denemesinde, besin
cozeltisinde yetistirilen fasulyeye SO= 0 mM (noksan), S1= 1.875
mM (yeterli) ve S2= 18.75 mM (toksik) S uygulanmistir. Arastirma
sonucunda; fasulyenin S noksanligina, toksisiteye gore ¢ok daha
hassas oldugu, S noksanliginin kuru madde miktarinda S1 dozuna
gore %70, S toksisitesinin ise %58 oraninda azalmaya neden oldugu,
uygulanan S dozlarinin kdk ve yapraklarda NO3™ konsantrasyonunu
onemli derecede azalttig1, en yliksek NO3™ konsantrasyonunun SO, en
diistik NO3- konsantrasyonunun ise S2 dozunda oldugu, protein
miktariin ise S1 dozunda en yliksek oldugu tespit edilmistir.

Vijayapriya & ark., (2005), artan dozda S uygulamasinin (0,
7.5, 15 ve 30 kg S ha-1) Bradyrhizobium ile asilanmis ve
asillanmamis soya fasulyesinin gelisimi ve verimi iizerine etkisini
arastirdiklar1 sera denemesi sonucunda; bitki boyu, kék uzunlugu,
kok ve govde kuru agirligl, bir bitkideki bakla sayisi, 100 tohum
agirligl ve tohum verimindeki en yiiksek artiglarm 30 kg S ha’!
uygulamasi ile birlikte agilama yapilmis bitkilerden elde edildigi ve
tohum veriminin kontrolden %44 oraninda fazla oldugu
bildirilmistir.

Khan & ark., (2006), artan dozda S giibrelemesinin misir
bitkisinde verim ve verim Ogeleri iizerine etkisini arastirmak
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amaciyla Pakistan’ da yiiriittiikleri tarla denemesinde; 0, 20, 40, 60,
80, 100 ve 120 kg ha'' S jipsten uygulanmistir. Arastirma sonucunda;
S uygulamasi ile misirin verim ve verim 6gelerinde kontrole gore
onemli artiglar saglandigi, en yiiksek artisin S’ {in 60 kg ha’
seviyesinde oldugu ve bu seviyenin yas agirligt %41, kuru agirligi
%S55, sap verimini %58, 1000 tane agirligin1 %5 ve toplam tane
verimini %43 oraninda artirdig1, yapraklarin S konsantrasyonunun
artan S dozlariyla dnemli derecede arttig1, 60 kg ha! dozunda yaprak
S konsantrasyonunun %0.46 olarak tespit edildigi ve kritik seviye
olan %0.5> ten az oldugu, S’ iin daha yiiksek dozlarinda S
konsantrasyonunun %0.67-0.94 arasinda degistigi bildirilmis ve
misir yetistiriciliginde maksimum verim i¢in en az 60 kg S ha-1

uygulamasi tavsiye edilmistir.

Zhao & ark., (2006), artan dozda S uygulamasinin arpa
bitkisinde verim ve malt kalitesi lizerine etkisini aragtirmak amactyla
Ingiltere’ nin 4 farkli bdlgesinde yiiriittiikleri denemeler sonucunda;
8 adet tarla denemesinin 5 adedinde S uygulamasi ile birlikte
verimde %4.7-22.5 arasinda degisen 6nemli artislar tespit edilmis, S
noksanliginin en yaygin oldugu 2 bolgede ise S uygulamasinin
maltin diastatik giiciinii, alfa amilaz aktivitesini, maltlasma sirasinda
endospermdeki degisimin iyilesmesinin bir gdstergesi olan kolay
ufalanabilirligi, homojeniteyi ve biranin tadina etki eden
dimetilsiilfid konsantrasyonunun arttig1, ayrica N’ un sinirl oldugu
kosullarda S uygulamasi ile tane veriminin artmasi sonucu seyrelme
etkisine bagli olarak tanenin N konsantrasyonunun azaldigi, bazi
durumlarda ise tane biiylikliigiliniin azaldig: belirtilmistir.

3.6. Kiikiirt -kalite iliskileri

3.6.1 Amino asit olusumu
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Olgun bugday tanesinde kiikiirdiin biliyiilk bir kismi
proteinlerde sistein ve metionin olarak bulunur. Vejetatif dokularda
toplam kiikiirdiin %50’ si siilfat olarak bulunurken, olgun bir bugday
tanesinde siilfat miktar1 ¢ok azdir ve genellikle toplam S igeriginin
%1-5" 1 arasindadir (Byers & ark., 1987a). Byers & Bolton (1979)
tarafindan yapilan bir sera denemesinde, S ilavesinin bugday
tanesinde toplam amino asitlerin olusumuna etkisi arastirilmistir.
Arasgtirma sonucunda, S noksanliginin tanede sistein ve metionin
konsantrasyonunu azalttigi, bu etkinin sisteinde metioninden daha

giiclii oldugu belirtilmistir.
3.6.2 Protein olusumu

Geleneksel olarak tohum proteinleri sirastyla albuminler, suda
coziinen; globulinler, seyreltik tuz ¢0Ozeltisinde ¢Oziinen;
prolaminler, alkol/su karisiminda ¢6ziinenler ve glutelinler, seyreltik
asit veya alkalilerde c¢oziinenler olarak smiflandirilirlar (Shewry
1995). Bu proteinlerin en 6nemli gorevi geng fideciklerin biiylimesi
icin N, S ve C saglamak tizere depo vazifesi gormesidir. Toplam tane
N’ unun yaklagik %50 sini olusturan prolaminler ayrica bugday
tanelerinde depo proteinlerinin de bilesenidir. Prolaminler de ayrica
gliadinler ve gluteninler olarak ileri derecede siniflandirmaya tabi
tutulurlar. Gliadinler sulu alkol ¢ozeltilerinde ¢oziinebilen
monomerler iken, gluteninler ise yalnizca indirgen maddelerde alt
Uiniteler arasindaki disiilfiit baglar1 kirildiktan sonra sulu alkol
cozeltileriyle ekstrakte edilebilen diisiikk (LMW) ve yiliksek (HMW)
molekiil agirlikli alt tiniteler iceren polimerlerdir.

Kiikiirtce zengin prolaminler, & ve y-gliadinler ile sistein
molekiiliiniin %2-3” tinii kapsayan gluteninlerin LMW alt initelerini

icerir. Toplam prolaminlerin %70-80° ine ulasan bu grup miktar
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olarak en fazla bulunur. m-gliadinlerin artan sentezi S noksanligina
tepki olarak en dikkat ¢ekici degisiklik olarak goriinmektedir (Zhao
& ark., 1999a).

Gluteninlerin en Onemli bilesenleri LMW alt iiniteleri
oldugundan unda polimerik proteinlerin (gluteninlerin) toplam
miktarinin azalmasi S noksanliginin net sonucudur. Artan deliller
ekmek yapim kalitesinin alt initelerin bileseninden ¢ok glutenin
miktar1 veya glutenin makro polimerlerin miktariyla daha yakindan
iliskili oldugunu gostermektedir (Weegel & ark., 1996). Ekmek
yapim kalitesinde S’ {in etkisi, biiylik oranda S’ {in glutenin
miktarina etkisinden kaynaklanmaktadir. Yukarida anlatildig: gibi,
bugdaymn kiikiirtle beslenmesi genel olarak tanenin toplam protein
kapsamin1 az etkilemekle birlikte, tanenin depo proteinleri
kapsamimi O6nemli oranda etkiledigini agik bir sekilde
gostermektedir.

3.6.3 Bugday hamurunun reolojik 6zellikleri

Bugday unu suyla karistinldiginda prolaminler, ‘gluten’
olarak adlandirilan siirekli (zincirleme) bir ag olustururlar. Bugday
gluteni, elastikligin veya dayanikliligin reolojik o6zelliklerini
sergilemesi ve diger tahillarin depo proteinlerinde esneklik, uzama,
viskozite gibi 6zelliklerin olmamasi nedeniyle ¢ok onemlidir. Bu
yiizden ekmek, tahillar icinde genellikle ve yaygin olarak sadece
bugdaylardan yapilir.

Sistein ¢okeleklerinin siilfidril ya da tiyol (-SH) gruplar
arasinda olusan distlfit baglar1 (S-S)’ nin bugday proteinlerinin
striiktiir ve Ozelliklerini belirlemede ¢ok 6nemli rol oynadiklar iyi
bilinmektedir (Wall 1971, Shewry & Tatham 1997). Zhao & ark.,
(1999b), hem N ve hem de S uygulamalarinin jel protein kapsamini
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artirma egiliminde olmasi nedeniyle N ve S’ iin hamur elastikiyetini
artirdigin1  belirtmistir. MacRitchie & Gupta (1993)’ ya gore,
kiikiirdiin hamur Ozelliklerine etkisi 6zellikle prolamin olusumu
iizerine olan etkisinden kaynaklanmaktadir.

Kiikiirdiin ekmek yapim kalitesine etkisini gdsteren ¢alisma
say1s1 ¢ok fazla olmamakla birlikte ¢esitlidir ve bu calismalar ekmek
yapim kalitesine S’ {in etkisinin Onemini agik bir sekilde

gostermektedir.

Makarnalik bugdaylarda tanenin kiikiirt igeriginin pisirme
kalitesi lizerine etkisine ait arastirma sayist ¢ok azdir. Alary &
Kobrehel (1987) tarafindan, gluteninlerin toplam —SH ve S-S
konsantrasyonlar1 ile makarna pisirme kalitesi arasinda Onemli

korelasyon oldugu belirtilmistir.

Luo & ark., (2000), kiikiirt ve azot gilibrelemesinin farkl
bugday genotiplerinin bazi kalite parametrelerine etkisini aragtirmak
amaciyla Yeni Zelanda’ da yiiriittiikleri denemeler sonucunda; N
giibrelemesinin tanenin protein miktarini ve tane sertligini dnemli
oranda artirdig1, gelismenin erken doneminde uygulanan N’ un ve
gec donemde N’ la birlikte uygulanan S’ iin SDS-sedimantasyon
degerini Onemli oranda artirdig1i, test edilen biitiin kalite
parametreleri {lizerine genotipin ¢evre faktorlerinden daha etkili
oldugu belirtilmistir.

Koehler & Wieser (2003), gluten protein tiplerinin dagilim
miktarlariin S gilibrelemesinden 6nemli oranda etkilendigini, S
noksanliginin bir sonucu olan yogurmaya kars1 direncin artmasinin,
yiksek molekiil agirlikli glutenin alt dniteleri/diisiik molekiil
agirlikli glutenin alt iiniteleri (HMW/LMW) oraninin artmasina
bagli oldugunu, hamur -elastikiyetindeki azalmanin ise LMW
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gluteninlerin ve bazi gliadinlerin (&-, B-, y-gliadin) oranlarinin

azalmasi sonucu meydana geldigini belirtmistir.

Wieser & ark., (2004), bir yazlik bugday ¢esidinde (Star)
tanenin basit protein tiplerinin miktar1 ve oranlar1 {izerine artan
dozda S uygulamasinin (0, 6, 12 ve 24 mg S kg™!) etkisini arastirmak
amaciyla yaptiklari calismada; S uygulamalarinin tane veriminde
onemli farkliliklar yarattigi, 24 mg S kg™! S dozunun tane verimini
kontrole gore %38 oraninda artirdigy, tanenin S kapsaminin %0.083’
ten %0.138” e yiikseldigi, N kapsaminin ise (%2.66-2.75) kiikdirt
uygulamalarindan az  etkilendigi  bildirilmistir.  Biitin =~ S
uygulamalarinda tanenin N/S oraninin, S noksanliginda kritik deger
olarak kabul edilen 17:1 degerinden daha genis oldugu belirlenirken;
bu sonug uygulanan S’ iin en yiiksek dozunun da optimum seviyenin
altinda kalmis olabilmesine baglanmistir. Arastiricilar, artan dozda
uygulanan S’ {in tanenin protein miktarin1 ¢ok az etkiledigini,
tanenin S iceriginin kritik deger olan %0.12° den fazla oldugu
durumlarda  toplam  gluten  proteinlerinin  miktarinin S
giibrelemesinden etkilenmedigini ancak tane S igeriginin %0.12” den
az oldugu durumlarda toplam gluten proteinlerinin miktarinin
onemli oranda azaldigin1 belirtmislerdir. Toplam gluten
proteinlerinin ve ham protein miktarinin uygulanan S’ ten az
etkilenmesine ragmen, ekmeklik kalitesini etkileyen basit protein
tiplerinin miktar ve oranlarinin S giibrelemesinden kuvvetli bir
sekilde etkilendigi, S noksanliginda S’ ¢e fakir yiiksek molekiil
agirlikli (HMW) gluten alt tiniteleri ve o- gliadin miktar1 artarken S’
¢e zengin diisiik molekiil agirliklt (LMW) gluten alt {initeleri ve -
gliadin miktarinin 6nemli oranda azaldig1 belirtilmistir.

Garrido-Lestache & ark., (2005) tarafindan, N’ lu giibrenin

orani, uygulama zamani ve bolerek uygulamanin ve N’ la birlikte S
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giibrelemesinin makarnalik bugdaym kalitesi iizerine etkisini
arastirmak amaciyla yiiriitiillen li¢ farkli tarla denemesi sonucunda;
en yiiksek tane verimi 100 kg ha™! N uygulamasindan aliirken en
fazla tane protein konsantrasyonu 200 kg ha' N uygulamasmdan
elde edilmistir. Azot oranlarinin artmasi camsi tane miktarini
artirmis ve en yiiksek deger 200 kg N ha' uygulamasinda elde
edilmistir. Azotlu giibrenin uygulama zamani ve boliinerek verilmesi
bugdayin tane verimi ve kalite 6zellikleri lizerine belirgin bir etki
yapmamistir. Basaklanma doneminde yapraktan N uygulamasi ise
tane protein konsantrasyonu, camsi tane sayist ve tanede kiil
miktarmi artirmistir. Ayni ¢alismada topraktan ve yapraktan S
uygulamasinin, tanede kiil miktar1 hari¢ makarnalik bugdayin kalite
ozellikleri tizerine dnemli bir etki yapmadig bildirilmistir.

Lerner & ark., (2006) tarafindan, 4 farkli makarnalik bugday
cesidinde N ve S giibrelemesinin tanenin protein ve S icerigine,
SDS-sedimantasyon degerine ve endiistriyel kalitesine etkisini
arastirmak amaciyla Arjantin’ de yiriitilen 2 yillik tarla
denemesinde S 40 kg ha-1 dozunda K2SO4, N ise 150 kg ha-1
dozunda iire olarak 4 farkli kombinasyonda (NOS0O, NOS1, N1S0,
N1S1) uygulanmistir. Arastirma sonucunda; incelenen biitiin
ozelliklerde giibre uygulamalari arasinda ve ¢esitler arasinda 6nemli
farkliliklar gozlendigi, toprakta yarayisli S’ iin sinirlayici bir faktor
olmamasina ragmen S giibrelemesinin tanenin protein igerigi, SDS-
sedimantasyon degeri ve N/S oranin1 6nemli oranda etkiledigi fakat
hamurun reolojik 6zelliklerinde degisiklik meydana getirmedigi,
SDS-sedimantasyon degeri i¢in en iyi giibre dozunun N1S1 oldugu
ve SDS-sedimantasyon degeri ile farinograf enerji seviyesi ve
viskoelastikiyet arasinda kuvvetli korelasyon oldugu belirtilmistir.

5. SONUC
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Diinya genelinde oldugu gibi lilkemizde de S igeren glibrelerin
kullannminin ve atmosferdeki SO> emisyonunun azalmasi, kiiltiir
bitkilerinde yaygin olarak S noksanliginin ortaya ¢ikmasina sebep
olmaktadir. Ancak iilkemizde S’ iin bugdayda ve diger bitkilerde
verim ve kalite 6zelliklerine etkisine ait yapilan ¢alisma sayis1 yok
denilebilecek boyuttadir.

Kiikiirt giibrelemesi ile bitkisel iiretimde verim artiginin yani
sira kalitede de onemli iyilesmeler saglanacaktir. Kaliteli {iriiniin
pazar fiyatinin %10-20 arasinda daha fazla oldugu kabul edilirse,
kalitenin artmasindan saglanacak ekonomik kazancin yani sira
saglik agisindan da Onemli kazanimlar elde edilecegi
distiniilmektedir.

Kiikiirt giibrelemesinin  bugdayin verimi ve kalitesinde
sagladig1 iyilesmeler S’ e gereksinimi daha fazla olan baklagillerin
ekim alanlarinda da S uygulamasini giindeme getirecektir.

Eskiden amonyum siilfat ve siiper fosfat gibi azotlu ve fosforlu
giibrelerle topraga kiikiirt ilave edilmesi nedeniyle kiikiirt noksanlig1
sorun olmazken, bu giibrelerin kullaniminin giderek azalmasi hatta
hi¢ kullanilmamas1 kiikiirt noksanligi problemini giindeme

getirmistir.

Sonug olarak, kiikiirt uygulamasinin bitkisel iiretimde verim,
verim Ogeleri ve kalite Ozellikleri iizerine olumlu etkilerine ait
onemli bulgular gbz oniine alindiginda iirlinde N giibrelemesine
oldugu kadar S giibrelemesine de ihtiya¢ duyuldugu agiktir. Bu
durum bugday giibreleme programina kiikiirdiin de dahil edilmesi
gerekliligini ve bu yolla Tiirkiye’ de N’ lu giibre kullaniminin
optimize edilebilecegini gostermekte ve bugday giibrelemesinde
azot ekonomisinde kiikiirdiin 6nemini ortaya koymaktadir. Bu
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nedenle bitkisel iiretimde giibre uygulamalarinda mutlaka S
giindeme alinmal1 ve S igeren giibrelerin tiretimi ve kullanimi tesvik
edilmeli, ayrica lilkemizde verim ve kalitedeki kayiplar1 6nlemek ve
farkl1 bolgelerde ve iirtinlerde S noksanligini tespit etmek amaciyla
sistematik ¢aligmalar yapilmalidir.
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CHAPTER 111

Agronomic Biofortification Applications in
Agriculture

ilker SQNMEZ1
Sahriye SONMEZ2

Introduction

Although it is accepted that the nutritional properties of the
products produced to meet the nutritional requirements of living
organisms are adequate, recent studies have shown that foods cannot
provide some nutrients and this situation has been named as ‘Hidden
Hunger’. The slowdown in the development of plants that cannot be
cultivated with sufficient nutrients has resulted in the emergence of

nutritional issues, commonly referred to as "hidden hunger," in
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societies that rely on products derived from these plants (Valenga &
et al., 2017). Hidden hunger is a problem that can be addressed by
direct and indirect interventions (Ruel & et al., 2013). Direct
interventions include dietary diversity, micronutrient supplements,
modification of food choices, and fortification. In contrast, nutrient-
sensitive interventions address the determinants underlying

malnutrition and include biofortification.

The World Health Organization plays a pivotal role in
combating malnutrition by establishing guidelines and
recommendations on food fortification. In 2006, the World Health
Organization (WHO) and the Food and Agriculture Organization
(FAO) published the Guidelines for Food Fortification with
Microelements, which prioritizes food fortification and serves as a
resource (WHO/FAO, 2006). The use of fortified food supplements
in ensuring the nutritional adequacy of living beings has been
demonstrated to be a necessity for a healthy life.

Agriculture has an important role to play in both food and
nutrition security, and until now agriculture has only aimed at
increasing productivity rather than focussing on a sustainable
nutritional food system. Today, however, the bioavailability of
micronutrients in food crops is an important factor for basic healthy
nutrition (Welch and Graham, 2004) and this is a major task for

farmers and agronomists working for a healthy environment.

1.Agronomic Biofortification

Fortification concept is one of the safe and effective
applications in the form of direct addition to the final product to
prevent vitamin and mineral deficiencies of food products (Das & et
al. 2013). However, this situation leaves the majority of the world's
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products inadequate for basic nutritional needs. It is therefore
imperative to ensure that adequate nutrition is provided, particularly
during the production phase, and that the vitamin and mineral
contents of agricultural products are sufficient to meet the needs of

living organisms.

The process of agronomic biofortification is achieved through
the application of micronutrient fertilisers to soil or directly to the
foliage of crops. Biofortification primarily focuses on starchy staple
crops, including rice, wheat, maize, sorghum, millet, sweet potato
and legumes, which play a significant role in global nutrition and are
particularly susceptible to micronutrient deficiencies (Saltzman & et
al., 2013).

Biofortification represents the most effective and sustainable
approach to enriching staple food products with essential minerals,
vitamins, proteins and fatty acids. In other words, it is the process of
increasing the content and/or bioavailability of essential nutrients in
crops by genetic and agronomic means during plant growth (Bouis
& et al., 2011). The objective of biofortification is to enhance the
bioavailability of micronutrients through the utilization of
techniques such as plant breeding, transgenics (a distinct genetic
engineering methodology) and agricultural biofortification (i.e. the
deployment of micronutrient-rich fertilisers) (FAO, 2017).

The concept of genetic biofortification is based on the breeding
of varieties with high mineral accumulation potential, specifically in
the genetic characteristics of plants. The most significant benefit of
agronomic biofortification over genetic biofortification is the lack of
crop-specific requirements for fertiliser forms and application
techniques. While the application rates and methods of fertilisers can
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be rapidly adapted for use on different crops, genetic and transgenic
biofortification methods are specific to individual crops.
Consequently, the inclusion of additional crops in the
biofortification profile is a time-consuming and resource-intensive
process (Bhardwaj & et al., 2022). The process of transgenics and
breeding is a lengthy one, whereas agronomic biofortification
represents a more immediate solution to the issue of malnutrition
(Augustine & Kalyanasundaram, 2020).

Due to the application rates of macro elements in the basic
nutrition of plants with nutrients and their presence in soils,
deficiencies of microelements, which are more affected by soil
conditions, are more common in plants than nutrient deficiencies in
macro elements. In this context, nutrient enrichment applications by

biofortification are concentrated on microelements.

The proportions of microelements present in different plant
parts vary, and they are typically absorbed from the soil. The
application of microelements in conjunction with fertilisers can
enhance the microelement status of the soil, as well as address
potential deficiencies in plants and humans. However, the
application of microelements to the soil results in immediate fixation
due to the influence of diverse soil conditions, which may impede
the transport of these elements to consumable plant parts. To
circumvent this issue, it is advised that microelements be
administered via alternative methods, such as foliar sprays in soluble
form.

Agronomic biofortification factors represent a straightforward
and cost-effective approach, provided that due consideration is given
to specific such as fertiliser form, application method and time of
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application (Bhardwaj & et al. 2022). Agronomic biofortification is
a process where micronutrient-rich fertilisers are used to increase the
nutritional value of crops. This approach is both straightforward and
expedient, and it has the potential to enhance human nutritional
status (Cakmak & Kutman, 2017). Optimal biofortification is
contingent upon three essential factors: higher micronutrient uptake
by the plant, enhanced transport within the plant, and increased
accumulation in edible plant parts. One of the significant challenges
in ensuring the provision of micronutrients by plants is their inability
to synthesize (or absorb) the majority of minerals essential for
human health. Additionally, the uneven distribution and
concentration of these nutrients in different plant parts represents
another crucial hurdle (Zhu & et al., 2007).

The biofortification of crops and the enhancement of the
bioavailability of nutrients in their edible components represent
potential strategies for the prevention of micronutrient deficiency.
Biofortification of crops, whether agronomic or genetic, can be
realised at a small additional cost, which is significantly less than the
risk of hunger and malnutrition.

2. Agronomic Biofortification Techniques

Techniques applied in agronomic biofortification applications
for plants to absorb nutrients are generally soil application of
fertilizers containing microelements, diluted foliar application,
nutripriming (seed coating) and soilless cultivation.

2.1.Soil application

The application of micronutrients to soil is a traditional
technique that serves to replenish micronutrients in the soil where

the plant is grown. However, the application of micronutrients to soil
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is an expensive and inefficient method (Savithri & et al., 1999).
Although soil application represents the most prevalent approach to
microelement application in crop cultivation, it is primarily oriented
towards enhancing crop productivity rather than promoting
biofortification. This method has been found to result in low
efficiency of microelement utilisation, as well as soil contamination
over time due to the excessive accumulation of microelements that
are either hardly or unable to be taken up by plants in the soil.

The studies demonstrated that biofortification rates increased
by 7-28% for Zn in paddy (Joy & et al., 2015; Tariq & et al., 2007;
Swarup & et al., 1981), 11-195% for Zn in wheat (Dwiedi &
Sriwastva, 2014; Wang & et al., 2015), Singh & et al. (2016), and
Joy & et al. (2015) observed increases of 5-8%, 27-75%, and 5-8%
for Zn in sorghum and maize, respectively. The efficacy of soil Zn
fertilisation in increasing Zn content in grain while simultaneously
increasing crop yields has been demonstrated to be relatively limited.
Furthermore, the fertiliser use efficiency of this method is low
(Singh & Mann, 2007; Chattha & et al., 2017).

2.2.Nutripriming

‘Priming’ is a well-known method to increase the content of
seeds. Seeds classified as coated have increased germination rates,
resistance to high levels of biotic/abiotic stresses and crop yield
(Rajjou & et al., 2012). Priming ensures that some of the metabolic
components required for germination are formed in their particles
before they occur. Seed coating is widely used to provide the time
between seed sowing and seedling emergence and to ensure
emergence (Parera & Cantliffe, 1994). The process of soaking seeds
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in a nutrient solution prior to planting them in the soil is referred to
as nutripriming (Raj & Raj, 2019).

Nutri-priming represents the latest priming method, whereby
plant growth regulators and micro- or macronutrients are employed.
In the case of nutrient coating, seeds are coated in nutrient solutions
(Farooq & et al., 2012), which combines the biochemical effect of a
water-element coating with the nutritional effect of the applied
element. A number of studies have demonstrated that the
germination rate and the concentration of nutrients in seeds coated
with a nutrient solution using the nutri-priming technique (Pereira &
et al., 2022; Saranya & et al., 2017; Ruttanaruangboworn & et al.,
2017) are increased in comparison to uncoated seeds.

2.3.Soilless culture

Soilless production is a newer production method that uses
organic, inorganic or liquid growing media with inert organic,
inorganic or liquid growing media of the desired distribution and
nutrient regime. Different soilless systems, including hydroponics,
aeroponics, substrate, vertical farming and others, have a place in
human nutrition, especially in crops where micronutrient options are
supported through micronutrient-rich media (Rouphael & Kyriacou,
2018). The continuous contact of roots with the fertiliser solution has
been demonstrated to increase the absorption, transport and
accumulation of nutrients, thereby ensuring consistent results in
terms of nutrient quality (Wiesner-Reinhold & et al., 2017; Rouphael
& Kyriacou, 2018).

In soilless cultivation, which provides optimal root
development, plants benefit from nutrients at a higher level, and the
nutrient elements provided by healthy roots maximise efficiency. In
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particular, products with optimal nutrient sufficiency can be
obtained due to the absence of factors limiting microelement uptake
in soilless cultivation. The research findings indicate that soilless
cultivation  significantly enhances the concentration of
microelements in produced goods. This underscores the pivotal role
of soilless cultivation in the context of biofortification (D'Imperio &
et al. 2022; Buturi & et al. 2022; Giordano & et al. 2019).

2.4.Foliar application

Soil nutrient application is the most common method of
providing essential nutrients to plants, and nutrients applied to the
soil are absorbed by plant roots. However, higher plants can also
absorb mineral nutrients when applied as foliar sprays at appropriate
concentrations, and foliar application is the most effective method
for correcting malnutrition. For instance, iron deficiency in
calcareous soils can be rectified more effectively through foliar
application of iron-containing fertilisers than through soil
application (Girma & et al., 2007).

Foliar fertilisation permits the expedited utilisation of nutrients
and enables the rectification of observed deficiencies in a shorter
timeframe than is required by soil application. Nutrients applied to
the soil exert a long-term influence on plant growth, whereas the
plant response to foliar application is typically transient. In such
instances, the number of foliar applications should be increased in
cases of severe nutrient deficiency. In particular, foliar application is
regarded as the most efficacious method for microelements. For
certain nutrient elements with restricted mobility in soils, foliar
application is more effective and economical than soil application.

During the early growth stage when plant roots are not yet fully
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developed, foliar fertilisation is more advantageous in terms of

absorption than soil application (Fageria & et al. 2009).

3. Microelements used in agronomic biofortification

Agronomic biofortification can have direct or indirect effects
on crops. The direct effect of agronomic biofortification is to
increase the concentration of microelements in plant tissues, while
the indirect effect is to affect plant growth. Targeting microelements
to edible plant parts such as seeds or fruits is not always possible and
can sometimes result in the accumulation of desired nutrients in
leaves or other inedible plant parts; therefore, this technique is only
successful for certain minerals and certain plant species (Cakmak &
et al. 1999). Six microelements (iron, zinc, iodine, selenium and
silicon), which are particularly beneficial for human health, are
prominent in biofortification applications (Consentino & et al. 2023,
Lyons & et al., 2008).

3.1.Iron (Fe)

Iron, an essential nutrient for humans, plants and animals to
maintain their vital activities, is found as a structural element in the
crystal lattices of various minerals in the soil (Ozbek & et al., 2001).
While iron acts as a catalyst in the synthesis of chlorophyll in plants,
it also accelerates enzymatic events (catalase, peroxidase,
cytochrome oxidase) (Aktas, 1995). Plants are in constant need of
iron in the environment in which they grow. Since iron cannot be
transported from old leaves to young leaves, the plant can meet the
iron needs of the growth organs by continuous iron intake. In the root
zone, iron can be found in the soil as Fe™? and Fe™ and in the form
of organic compounds or chelates. Fe*? is used in plant metabolism.
Even if iron is taken up by the plant in different forms, it is converted
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to Fe*? in the metabolism and used by the plant (Kacar & Katkat
2007). Studies on iron biofortification in plants show that the effects
of foliar applications are high.

Phytosiderophores have the potential to regulate Fe stress in
cereals and to promote microelement uptake, especially Fe, in plants
(Romheld & Marschner 1986). In plants, several cellular processes
such as chloroplast development, oxygen transport, chlorophyll
biosynthesis and mitochondrial function are determined by iron, and
iron is active in chloroplast and mitochondrial functions (Bashir &
et al. 2011). In addition, iron deficiency induces oxidative stress
conditions (Tewari & et al. 2005). Many microorganisms secrete
siderophores to compensate for Fe deficiency in the soil (Schalk &
et al. 2011), and these siderophores bind to Fe*" in the soil to form
siderophore-Fe*" complexes to increase Fe availability (Saha & et al.
2012). Microbial activity increases plant Fe uptake, and siderophores
in the rhizosphere dissolve Fe hydroxides (Desai & Archana 2011;
Hayat & et al. 2012).

Foliar application of Fe-containing solutions may be the main
fertilisation practice, as soil application of the Fe source is less
effective in increasing grain Fe concentration (Rengel & et al., 1999,
Fernandez & et al., 2004; Ibrahim & et al., 2004). The combined
application of foliar Fe-containing amino acid (Fe-AA) and ferrous
sulphate fertiliser significantly improved Fe concentration in 13
different rice cultivars, and the average Fe concentration of all
cultivars tested increased by 14.5% when the treatments were
compared with the control (Yuan & et al. 2013). Aciksoz & et al.
(2011) reported that the addition of urea to foliar Fe fertilisers had a
positive effect on grain Fe concentration in wheat.
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Foliar application of Fe(II)-AA and B combination increased
Fe concentration in rice grain by 18.9% compared to the control (Jin
& et al. 2008). Narwal & et al. (2012) reported that foliar application
of Zn, Fe and Mn improved the levels of these nutrients in 14 winter
wheat cultivars. Co-application of Zn and Fe increased grain Zn, Fe,
crude cellulose and protein content, while application of Fe fertiliser
alone improved grain Fe content (Niyigaba & et al., 2019). Wei & et
al. (2012) showed that foliar application of FeSO4, nicotinamine
(NA) with FeSOs4 and ZnSO4 with NA increased grain Fe
concentration in rice by 16.97%, 29.9% and 27.08%, respectively.

3.2.Zinc (Zn)

Zinc plays an important role in maintaining cell integrity and
the immune system, and its deficiency is mostly caused by low
dietary intake and inadequate consumption of cereals. Zinc interacts
with numerous enzymes and other proteins in the human body and
plays critical structural, functional and regulatory roles. It is
estimated that approximately 10% of all proteins in the human body
are zinc dependent (Andreini & et al., 2006; Krezel & Maret, 2016).

Zinc deficiency can cause a wide range of physiological
problems, including growth retardation, problems with brain
development, susceptibility to infectious diseases such as pneumonia
and diarrhoea, poor physical performance and low birth rates (Black
& et al., 2008; Gibson, 2012; Krebs & et al., 2014; Terrin & et al.,
2015). Approximately half a million children under the age of five
are reported to die each year from causes related to Zn deficiency
(Black & et al., 2008; Krebs & et al., 2014). Vitamin A, zinc, iron
and iodine deficiencies cause the death of about 20 per cent of
children under five (Prentice & et al., 2008).
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While zinc levels in plants normally range from 5-100 mg kg
! toxicity usually occurs above 400 mg kg™! (Ozbek & et al., 1995).
Zinc plays a role in the structure and activation of many enzymes in
plants. Zinc, which is an important element in the synthesis of
tryptophan, an important component of some proteins, is also active
in the synthesis of IAA, a growth hormone (Rout & Das, 2003).

Zinc is effective in carbohydrate, protein and auxin
metabolism and improves membrane quality (Kacar & Katkat,
2007). Between 65% and 85% of the total phosphorus in cereal is
present as phytate, an important compound that binds zinc and
makes it poorly bioavailable in the human digestive tract. The
phytate-Zn molar ratio is a widely used measure to estimate the
bioavailability of zinc in diets (Morris & Ellis, 1989; Gibson, 2006).
Erdal & et al. (2002) reported that increasing the amount of zinc in
seeds (zinc fertilisation) reduces phytate content and the phytate:zinc
ratio. In this case, increasing the zinc concentration in the seed also
increases the bioavailability of zinc. In general, foliar application of
Zn is effective in the late growth stage.

Soil and foliar applications have been found to increase Zn
content in whole grains (Yilmaz & et al., 1997; Cakmak, 2008).
Hassan & et al. (2019) made three applications as soil (10 kg ZnSO4
ha!), foliar (0.5% ZnSOs) and seed treatment (0.3 M ZnSOa) to
increase productivity and grain biofortification of bread wheat, and
the increase in grain Zn concentration was realised as foliar
application (70%), soil application (39%) and seed pretreatment
(15%). Irmak & et al. (2016) reported that soil and foliar Zn
applications were significantly effective in increasing the amount of
Zn in grain in peanut. Han & et al. (2024) reported that foliar

applications of amino acids and Zn were effective in increasing the
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amount of Zn in grain in soybean. Singh & et al. (2014) found that
the amount of Zn in maize grain increased with 20 kg N ha™! and 5

kg Zn ha'! applications.
3.3.1odine (I)

Iodine is an essential trace element for both humans and
animals and is required by the thyroid gland for the production of
important hormones. Generally, soils are limited in iodine
sufficiency and insufficient to produce agricultural crops with
sufficient iodine content to meet the recommended daily intake
(Duborska & et al., 2020). Iodine intake is through dietary intake and
a daily intake of 90-250 mg is recommended (Zimmerman &
Andersson, 2012).

Iodine deficiency symptoms affect all age groups and may
lead to increased pregnancy loss, infant mortality, growth
impairment, and cognitive and neuropsychological deficits
(Zimmerman & et al., 2008). Plants can take up 1odine from soil (Ren
& et al., 2008, Kiferle & et al., 2013, Lawson & et al., 2015), but the
behaviour of iodine in the soil-plant system is highly complex due to
the large number of factors involved (Fuge & Johnson, 2005,
Medrano-Mact'as & et al., 2016). Iodine in soil can be present in
inorganic [iodide (I") and iodate (IO3") ions] and organic forms. Soil
composition, pH and redox conditions control the speciation and
mobility of iodine in the soil and thus influence its uptake by roots.
lodine deficiency is a common micronutrient malnutrition problem,
and the addition of iodine to table salt is the most common tool to
prevent iodine deficiency (Gonzali & et al., 2017).

In general, iodine is toxic to plants but can be beneficial at low
concentrations (Umaly & et al., 1970; Duborska & et al., 2017). The
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most effective method is foliar application of iodine to leafy
vegetables (Tonacchera & et al., 2013). Research has shown that
tomato is a suitable target crop for iodine biofortification and can
accumulate up to 10 mg iodine per kg fresh weight (Kiferle & et al.,
2013). Foliar iodine applications have shown that xylemetic
transport is much more efficient than phloemic transport, suggesting
that accumulation in fruits, tubers or seeds will not be high
(Medrano-Mact'as & et al., 2016; Caffagni & et al., 2012; Lawson &
etal., 2015; Blasco & et al., 2008). Therefore leafy vegetables would
be ideal candidates for biofortification. Cakmak & et al. (2017)
reported that foliar application of iodine to wheat increased the
amount of iodine in the grain by 5-10 times.

3.4.Selenium

The amount of Se varies in soils and depends on various
factors such as soil type, organic matter, pH, redox potential, cation
exchange capacity and S, Fe, Al and C levels and precipitation (Sors
& et al., 2005; Ylaranta, 1983; Combs, 2001; Li & et al., 2008; Lin,
2008). The effects of selenium on human health are at levels that
should be considered important.

Selenium is known as an element with anti-viral effect (Beck
& et al., 1995; Baum & et al., 1997; Yu & et al.,, 1997; Yu & et al.,
1997; Yu & et al., 1999) as well as having cancer prevention capacity
(Clark & et al., 1996; Yu & etal., 1997). In a study by Combs (2001),
Se deficiency, which is estimated to affect more than one billion
people in the world, is seen as a major public health problem (Lyons
& et al., 2003). Selenium, which has effects such as reducing cancer

risk and strengthening the immune system, is also a powerful
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antioxidant. It helps to protect cardiovascular health by increasing
tissue elasticity and supporting heart cells.

Selenium plays an important role in reproductive health by
helping to increase sperm production and vitality. It reduces the
negative effects of harmful substances in the body and helps to
eliminate them from the body. It also has a positive effect on liver
function. The daily requirement of selenium is 47 pug for men and 38
pg for women (Samur, 2006). Selenium-fortified products are
considered ideal for increasing dietary selenium intake (Dumont &
et al., 2006). Selenium has been recognised as an essential
micronutrient following its discovery as an important component of
the enzyme glutathione peroxidase (EI-Ramady & et al., 2020;
Rotruck & et al., 1973). At appropriate levels, selenium has several
beneficial effects in plants, influencing seed germination and plant
growth (Xue & et al., 2001). Selenium acts as an antioxidant and
helps to defend against biotic and abiotic stresses (Schiavon & Pilon-
Smits, 2017). It inhibits lipid peroxidation and increases glutathione
peroxidase activity, which delays ageing and minimises post-harvest
losses (Cartes & et al., 2005).

Foliar Se fertilisation is up to 8 times more effective than soil
Se supplementation (Ros & et al., 2016). This is probably due to
faster Se uptake and assimilation processes, no need for root-to-
shoot translocation of Se to the edible parts of the crop, and
prevention of Se losses due to immobilisation of Se compounds in
the soil (Ramkissoon & et al., 2019). Seppanen & et al. (2010) to
increase Se content in canola, selenium application did not affect
yield or oil content, but high Se accumulation (1.92-1.96 pg Se g-1)
was detected in seed and flesh. Oliviera & et al. (2018) investigated

Se biofortification in carrot and Se accumulation in roots, foliar
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selenate application increased yield and titratable acidity but
decreased root ripening index, and foliar selenite application
increased shoot Se content and root carotenoid content. Ngigi & et
al. (2019) on Se biofortification in beans and maize, Se concentration
increased by an average of 3 ug kg! in maize and 10 pg kg™ in beans
for each gram of Se applied with soil and foliar Se applications.

Foliar application of Se was more effective than soil
application and increased Se concentration in grain by 18 ug kg! in
maize and 67 pg kg' in beans. Reis & et al. (2020) in the
biofortification of paddy genotypes with Se, selenium concentrations
in leaves and grains increased linearly with Se application rates, and
a highly significant correlation was observed between Se rates and
Se concentration in leaves and grains. Nayan & et al. (2020)
identified selenium application as selenate solution at a rate of 120 g
ha! on day 14 with optimum Se accumulation in leaves (21.16-22.38
ug 10 plant') and stems (5.89-5.98 ug 10 plant™) in spinach in
greenhouse as an effective Se fertilisation management strategy for
spinach production.

3.5. Silicon

Silicon is the most abundant element in the lithosphere after
oxygen. It is also present in the structure of many primary and
secondary minerals in the soil, but the solubility of siliceous minerals
is generally very low (Aktas, 1995). Silicon is considered an
essential element for humans, playing a fundamental role in bone
metabolism, nervous and immune system function, cell proliferation
and alkaline phosphotase activity, and muscle and -cartilage
metabolism (Arora & Arora 2017; Huang & et al., 2020; Carlisle
1970; Brady & et al., 1991; Reffitt & et al., 2003).
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Plants take up silicon in the form of monosilicic acid [Si(OH)4]
from roots and H3SiO4™ ions by exchange with OH™ and HCO3™ ions
in high pH environments (Turan & Horuz, 2012). Silicon is
transported in the xylem conducting vessels to the required organs
of the plant depending on the transpiration rate. The silicon content
of the aerial organs of the plant depends on the transit status of the
sap transported by transpiration and the age of the organ. Silicon has
been found to increase cell wall strength, durability and flexibility
during plant growth (Kacar & Katkat, 2007).

According to Lopez-Pérez & et al. (2018), plants can contain
different amounts of Si in different organs in terms of their ability to
accumulate Si (5 to 50 g kg! DW). Species with low mobilisation
capacity accumulate Si in roots and stems, whereas species with high
mobilisation capacity accumulate Si in stems, leaves, fruits and
seeds. Si can be supplied by foliar application and is absorbed
through cuticular pathways, stomata and trichomes (Puppe &
Sommer, 2018). D'Imperio & et al. (2016) reported that Si
application in the range of 50-100 mg L' in nutrient solution
contributed to Si biofortification of leafy vegetables. While Si did
not affect vegetable yield and colour, it increased Si content in leafy
vegetables in the range of 18-69 mg kg! (FW) in tatsoi, 19-106 mg
kg! FW in mizuna, 15-93 mg kg' FW in purslane, 41-294 mg kg
FW in basil, 17-76 mg kg™! FW in chard and 23-76 mg kg'! FW in
chicory. Lata-Tenesaca & et al. (2022) found that leaf and root
application of Si in quinoa plants enhanced its uptake by the plant,
resulting in increased efficiency of N and P use. Leaf and root
application of Si resulted in the highest Si concentration and ascorbic
acid content in quinoa grains.

Conclusion
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Enriching the edible parts of agricultural crops with nutrients
through biofortification is a cost-effective and practical agricultural
strategy to improve the nutritional status of undernourished people.
Despite the effectiveness of transgenic methods, the cultivation of
fortified crops through agronomic methods is more preferable when
evaluated in terms of product diversity, ecological characteristics,
cost-effectiveness and practicality.

Biofortification applications are focused on the most
consumed products in different regions and are evolving to examine
the levels of microelements in products. In this way, it is possible to
prevent the hidden starvation of living beings who are not aware of
it but are exposed to nutrient deficiencies despite the consumption of
food. In this context, it is of great importance to carry out nutrient
enrichment applications with soil or foliar applications, especially
with regard to the products most consumed by society.
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