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1 | AGRICULTURAL PRIORITIES

PREFACE

A sustainable agricultural sector is becoming increasingly necessary as
a result of climate change. Determining priority research fields is
essential for the sustainable development of agriculture because there are
still knowledge gaps and a need for technologies that assist farmers in
the sustainability transition. Cross-cutting strategic agricultural priorities
include combating climate change through climate smart agriculture,
forestry, and clean energy, advancing racial justice, equity, opportunity,
and rural prosperity, developing more and better market opportunities,
and addressing food and nutrition insecurity. On a planet with limited
resources and in a climate that is changing, more food needs to be
produced sustainably. The ‘digitalization of agriculture’ may be able to
offer fresh answers to these difficult problems as a result of the
development of technologies, computing capacity, and analytics.
Science has a responsibility to provide evidence for and assist the design
and usage of digital technologies in order to achieve these positive results
and prevent unforeseen consequences. The question of whether
agriculture can enhance human nutrition is controversial. Integrating
beneficial plant microbiomes—those that promote plant growth, nutrient
usage effectiveness, abiotic stress tolerance, and disease resistance—into
agricultural production is one strategy to help achieve these objectives.
Understanding and controlling plant-microbiome interactions in the
context of contemporary agricultural systems will necessitate a massive
effort by academic researchers, industrial researchers, and farmers.



AGRICULTURAL PRIORITIES| 2



115 | AGRICULTURAL PRIORITIES

CHAPTER VI

ABIOTIC AND BIOTIC STRESS FACTORS IN GRAINS

Assoc. Prof. Dr. Erol ORAL!?
Assist. Prof. Dr. Fevzi ALTUNER?

DOI: https://dx.doi.org/10.5281/zenodo.8415120

! Van Yiiziincii Yil University, Faculty of Agriculture, Department of Field
Crops/Campus-Van-TURKEY. eroloral@yyu.edu.tr. ORCID ID: 0000-0001-9413-
1092

2 Van Yiiziincii Y1l University Gevas Vocational School Department of Plant and
Animal Production. Gevas-Van-TURKEY. fevzialtuner@yyu.edu.tr. ORCID ID:
0000-0002-2386-2450


mailto:eroloral@yyu.edu.tr

AGRICULTURAL PRIORITIES| 116



117 | AGRICULTURAL PRIORITIES

1.INTRODUCTION

It is known that people in the world mix a large part of their daily calorie needs
from cereals and products obtained from cereals. As a result of breeding studies
carried out in order to meet the need in parallel with the increasing population,
varieties and genotypes with high yield per unit area have been developed.
However, despite all these studies, increasing global warming and the abiotic
and biotic stress factors that arise due to this affect production negatively. The
word stress, which is an inevitable part of life, is derived from the Latin verb
"estrictia”. Stress; It appears as a term that means disaster, pressure, trouble,
trouble, grief, pressure, difficult, and causes undesirable changes in the external
and physiological structure of the living thing (Cufta, 2016). If we consider
stress as physical and biological stress; Physical stress is expressed as the
change in the size of the object against the force applied to any object.
Biological stress (Levitt, 1980) is expressed as the negative effects of plant
development and growth due to changes in the habitat of plants due to
environmental conditions. These stress factors include drought, salinity, high
and low temperature, flood, radiation, heavy metals, oxidative stress, wind,
nutrient deficiency, disease and pests. These stresses can negatively affect the
growth and development or productivity of plants.

Factors that cause stress situations in cereals, which have an important place in
plants, can be evaluated in two large groups. These are biotic stress factors
(other living organisms, animals, insects, plants, fungi, bacteria, pathogens,
etc.) and abiotic stress factors (physical and chemical factors such as
temperature, solar radiation, drought, flood, salinity, etc.). Among these stress
factors, the most common types of stress in plants are: heat stress (high
temperatures cause physiological and metabolic damage), stress due to lack or
excess of light (they need light and sun), stress produced by infections caused
by pathogens, pests and viruses ( The application of chemical treatments can
also be stressful depending on the conditions in which they are applied), stress
caused by a lack or excess of nutrients (excess such as nitrogen and phosphorus
also have negative effects), salt stress (can be caused by excess salt in the soil
or irrigation water) and water stress are the main causes of plant death.
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In studies to be carried out for this purpose, the determination of protective
measures by investigating stress physiology in grains will contribute to the
preservation of yield and quality (Korkmaz and Durmaz, 2017). Abiotic stress
factors such as drought, salinity, extreme temperatures, chemical toxicity and
oxidative stress are serious adverse events that cause interruption of activities
that threaten agricultural production and deterioration of the environment.

In similar studies, stress-induced yield reductions in many crop plants,
especially cereals, were found to be more than 50% (Wang et al., 2004).
Analyzing the situations that occur in the life cycle as well as how plants
respond to non-living abiotic stress conditions will help in the development of
new approaches (Wasternack, 2007).

In this study, determinations on how adverse conditions caused by abiotic stress
conditions on grains affect yield and quality parameters are included.

2.ABIOTIC STRESS FACTORS
2.1.Water Stress

Water stress (Drought Stress) occurs when the water lost by transpiration in
plants in a certain period of time exceeds the amount of water taken from the
environment. Competition for water intake begins between plant tissues with
reduced water content. In other words, the water balance between plant tissues
is disturbed. In this case, the stress can be daily or long-term. Cell growth is
negatively affected due to loss of turgor in the stress state, and cells remain
small (Oliver et al., 2000). The decrease in cell growth also affects wall
synthesis. While protein and chlorophyll are negatively affected, seeds seem to
lose their germination ability. Photosynthesis and respiration slow down or stop
(Yiiksel and Aksoy, 2017). The regression in cell growth causes leaves to shrink
and photosynthesis production to decrease. Lack of sufficient water negatively
affects the material transport in the xylem and phloem, causing the fruits to
remain small, while in cereals the seeds (grains) cannot be plump and the
product quality decreases (Cabello et al., 2014).
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Figure 1: Wheat under water stress (Todorova et al., 2021).

2.2.Temperature Stress

Heat stress is a stress factor that negatively affects the growth and development
of plants. There is a suitable temperature range for the growth and development
of plants. If the temperature is too cold for the plant, it can lead to cold stress,
also called cooling stress. Extreme forms of cold stress can lead to frost stress.
High temperature stress damages the physiological and biochemical functions
of grains and causes a decrease in growth, product and quality. Each cereal
species has an optimum temperature range in which it functions optimally, and
outside this range, cellular metabolism and thus plant growth are adversely
affected (Burke et al., 1990). This species-specific temperature range is defined
as the “thermal kinetic window” (Burke et al., 1988). Temperatures above the
optimum temperature range cause changes in many physiological functions
including photosynthesis, membrane integrity and enzyme stability (Nguyen et
al., 1992).

2.3.0xidative Stress

Oxidative stress in plants is a condition that occurs as a result of the
accumulation of reactive oxygen species (ROS) in cells (Schweitzer and
Schmidt, 2003) ROS in plants can occur during photosynthesis or under
environmental stress factors. When the antioxidant defense system is not
sufficiently activated, ROS can damage cellular components and this is known
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as oxidative stress. Plants have an effective antioxidant defense system to
protect themselves from the toxic effects of AOTs. Enzymatic and non-
enzymatic components of this system prevent the formation of AOTs or
detoxify AOTs after they are formed, thus protecting cellular structures from
oxidative stress damage (Foyer and Noctor, 2005).

2.4.Salt Stress

Salt stress inhibits the growth and development of plants by causing osmotic
and ion stress. With the increase in salt content, osmotic stress occurs first. This
results in a reduction in the amount of usable water(Photo 2). This is called
physiological drought. The decrease in the amount of usable water causes the
cell expansion to decrease and the shoot growth to slow down (Glenn et al.,
1997). Toxic effects such as inhibition of mitosis and inactivation of some
enzymes are observed (Demir and KocaCaligkan, 2002). In the ion stress phase
that occurs after the osmotic stress, increasing Na and CI ions in the
environment, necessary nutrients such as K, Ca and NO3-2, and competition
cause nutrient deficiency. In the environment where salt stress is experienced,
the ions that cause the most toxicity in plants are sodium (Na) and chlorine (CI)
ions (Maas, 1986). Salt stress generally occurs in plants for two reasons. Firstly,
the plant has difficulty in taking up water due to the increase in density as a
result of the excess of dissolved salts in the root zone and it has toxic effects
due to the increase in the amount of some ions. Secondly, excessive salt stress
causes stunting and regression in root growth in plants. In addition to these
effects, nutritional imbalance in plants, the effect of ions in the soil solution and
combinations of all factors also cause adverse effects on plants (Ashraf, 1994;
Marschner, 1986).



121 | AGRICULTURAL PRIORITIES

Figure 2: Wheat on salt stress (Oral, E., 2022).

2.5.Radiation Stress

Radiation stress in plants is one of the environmental factors that can occur at
any stage of the plant's life, but can cause different reactions, in other words, it
affects plants with different characteristics. Radiation stress can adversely
affect the growth and development of plants. Radiation stress in plants can
cause DNA damage in plant cells. This damage can adversely affect the growth
and development of the plant. An increase in the activity of antioxidant
enzymes can be observed in plants exposed to radiation stress. These enzymes
can help protect the plant against radiation stress. Perception of Ultraviolet-B
(UV-B) radiation, a component of sunlight, regulates photomorphogenesis,
including hypocotyl elongation inhibition, cotyledon expansion, and flavonoid
accumulation (Yadav et al., 2020). However, high intensity, continuous full
wavelength UV-B damages plants and leads to abnormal plant growth and
development, which is called UV-B stress. UV-B stress affects DNA synthesis
and DNA replication by forming pyrimidine dimers, resulting in heritable
variation (Britt, 1995). In addition to causing direct DNA damage, UV-B forms
reactive oxygen species, resulting in oxidative stress and the oxidation of lipids
and proteins. Too much UV-B causes cell death, resulting in wilting, yellowing,
and abnormal growth. UV-B stress also impairs photosynthesis (Hideg et al.,
2013). With longer exposure to UV-B irradiation, the maximum quantum yield
of photosystem Il (Fv/Fm) decreases continuously (Sztatelman et al., 2015).
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2.6.Magnetic and Electrical Stress

Magnetic and electrical stresses are among the abiotic stress factors that plants
are exposed to. While the magnetic field can positively affect the number of
leaves, leaf area, petiole length, tillering and root length in plants, it can
negatively affect the fresh and dry root weight. There is not much information
about the effect of electrical stresses on plant growth (Gremiaux et. al., 2016;
Vian et al., 2016). However, the effects of electromagnetic pollution on plant
development and metabolism have attracted the attention of scientists in terms
of both the fact that plants are the food source of humanity and their importance
for the environment.

2.7.Stress due to nutrient deficiency

Stress caused by nutrient deficiency in plants can be summarized as nitrogen,
phosphorus, potassium, calcium, magnesium, iron, zinc, copper and manganese
deficiencies. These deficiencies can adversely affect the growth and
development of plants. A lack of nutrients in plants can inhibit the growth and
development of plants. Many problems can arise due to nutrient deficiency in
plants. Nutrient deficiency symptoms in plants indicate which nutrient
deficiency the plant is experiencing. For example, in a nitrogen deficiency, the
leaves of plants turn yellow and turn pale. Root development slows down in
plants with phosphorus deficiency and the maturation of the plant is delayed.
In the absence of potassium, the leaves have a burnt appearance from the tips.
In plants deficient in calcium, the leaf tips dry out and many flowers remain in
baskets. In magnesium-deficient plants, leaves become thin and brittle; They
lose their color at the ends and in the region between the veins, and take on a
pale green color.Mineral nutrients absorbed in the inorganic form are
indispensable for plant growth and development. The various processes
underlying yield formation in crops such as biomass accumulation and its
partitioning, are directly regulated by nutrient supply. Plants essentially require
17 elements for the production of optimum biomass and yield, while some
additional elements are beneficial for their survival under stress and/or
improvement in quality of economic produce. The relationship between
nutrient supply and yield was well established by Mitscherlich (1947)
and is known as the ‘Law of diminishing yield increment’. This law
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states that if the supply of a particular nutrient is increased, it will cause
non-availability of other nutrients or the limitation of genetic potential
of crops, resulting in no increase or even a decrease in yield.
Furthermore, it is observed that when a particular nutrient is supplied in
abundance, the decrease in yield could be due to physiological factors,
toxicity or induced deficiency of other nutrients within the plant, or in
the soil, and interactions with other elements.

For example, excess supply of nitrogen (N) to cereals causes lodging thereby
reducing yield. Another example of induced toxicity is where excess nickel (Ni)
supplementation displaces magnesium (Mg2+) ions from Rubisco, resulting in
a loss of enzyme activity (Wildner and Henkel, 1979; Van Assche and Clijsters,
1986). Likewise, higher tissue concentrations of zinc (Zn) reduce the uptake of
phosphorus (P) and vice-versa (Mohammed et al. 2021). Nutrient availability
in soil is primarily dependent on the pH of the soil solution, which is very often
altered by the presence of excess amounts of some nutrients. For example, in
acid soils with high aluminium (Al3+) and iron (Fe3+) content, the availability
of inorganic P to plant roots is restricted. Therefore, to achieve optimal growth
and potential yield of crops, not only nutrient deficiencies but also excesses or
toxicity stresses need to be taken into consideration. The concentration of any
particular nutrient in plant tissues beyond the critical threshold level, either in
the deficit or the toxic zone, will result in decline in yield and quality(Pandey
etal., 2021).

3.BIOTIC STRESS FACTORS

Biotic stress factors in plants; are stress factors caused by living organisms such
as plant diseases, pests and weeds. These factors can adversely affect the
growth and development of plants. plant diseases; It can be of many different
types such as root rot, leaf spots, rust disease, powdery mildew disease, blight
disease, brown rot disease. However, different mechanisms have been
developed with research approaches to overcome biotic stresses. The biotic
stresses in plants can be overcome by examining the genetic mechanism of the
agents causing these stresses. Genetically modified plants have proven to make
great efforts against biotic stresses in plants by developing resistant crop plants
varieties (Gull et al., 2019).
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4 RESULT AND RECOMMENDATION

There are many methods to protect cereals from biotic and abiotic stress factors.
The morphological, anatomical and metabolic responses of plants to stress
factors have led to the emergence of natural selection in the evolution process.
Stress response mechanisms contribute to stress resistance or stress tolerance at
different morphological, biochemical and molecular levels. Among the stress
response mechanisms in cereals; activation of antioxidant enzymes, osmotic
regulation, regulation of photosynthesis activity, regulation of hormones and
change of gene expression. In this case, environmental stress factors have an
important place among the main factors that provide the structural and
functional shaping of plants. The concept of stress in plants is actually a term
used in physics. However, it has also been defined in different ways in the
biological sense. It is thought that effective strategies and mechanisms to cope
with environmental stresses caused by biotic or abiotic factors will contribute
by knowing these factors and understanding their mechanisms.
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