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ABSTRACT

The appearance of more notorious and invincible rust fungi strains and wheat species made
several varieties more vulnerable to different kinds of diseases. Fusarium head blight, leaf spotting
diseases, root diseases, and recently wheat blast emerging in South America, Bangladesh, and
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Zambia, largely because had insufficient varieties of resistance. Extensive research has already
been performed both on the genetic approach and other quantitative methods for most diseases. A
caution combination of type determination and molecular strategies to be able to accomplish long-
term resistance and save up global wheat productivity is too promising. With newer versions of
sequencing techniques, functional genomics, and bio informatics, wheat genomics has been
completely redefined. The sequencing and annotation of the wheat genome just recently has been
its staple together with the thorough analysis of gene content among sub-genomes, now we can
look forward to a faster understanding of wheat genetics and, as a consequence, a speedier
identification of genes providing disease resistance. In addition to that, the molding of the wheat
genome sequence has enabled exploration of marker-trait associations, identification of potential
genes, and consequently developing Generation Selection (GS) studies. The fast-track sequencer
genotyping devices have enhanced genetic diversity estimation, building high-density genetic
maps, and the study of polygenic traits in genome-wide association studies (GWAS) and
guantitative trait locus (QTL) mapping Lacations of registered KASP breeder-friendly Kompetitive
allele specific polymerase chain reaction (KASP) markers have simplified the process of tracing and
stacking of resistance alleles/genes in existing superior wheat lines. This chapter gives a
summation of the key diseases in wheat production, their hotspots, their consequences, and the
management plus the green genes methods to strengthen resistance breeding and application of

the boosted stems in wheat.

Keywords: Accomplish; generation selection; genome-wide association studies; kompetitive allele

specific polymerase.
1. INTRODUCTION

It is among cereal crops that stand out, not to
mention the significance of wheat as one of such
staple food crops which earns its enviable
prominence globally through its remarkable role
in world food production and nutritious provision
among others. What began as a domestication
process in southwestern Asia later evolved into a
continental variety spanning the entire continent
of Asia, Europe, Africa, and the Americas.
Whether low, high, arid or wet, this flexible crop
has proved to tolerate any climatic condition
ranging from alieration to drought and prefers
under irrigation [1]. It is foreseen that due to high
livestock farming, more affordable cereal-based
crops such as wheat will contribute greatly to this
estimated 60% rise in global wheat demand that
is anticipated by 2050. Nevertheless, wheat
production has to be addressed with
unanticipated unfavorable biotic and negative
abiotic factors that are influenced by
environmental changes or, pathogen
outbreaks. These days, monoculture techniques
restrict genetic variability present among different
modern wheat varieties therefore causing a rise
in new crop diseases that threaten even
thoughum supplies. Those challenges to be
faced by the wheat production which requires a
strategic plan in order to guard it from any future
negative effect on food security [2]. The group of
species known as wheat (Triticum spp.) poses as
one of the main starches for about 2.5 billion

people all over the globe who correspond to
about 33% of the world’s population and from
which approximately 20% of the world’s major
proteins and calories are derived. This as the
food security guard stands second only to rice
and is a food crop that is the most widely grown
in many developing countries; as such, it
provides millions of farmers with a viable farming
option on wheat [3]. On a global level, the role of
wheat as the most traded export commodity,
depends on a value of around $ 38. 8 billion in
2019, is of immense significance. Currently the
world's largest cereal crop in span of 218 million
cultivation area produces an estimated value of
765 million tons of which is monetarily evaluated
as US$150 billion [4]. In order to satisfy wheat
production quotas of the future the agriculture
focus will be on significant increase of production
targets past one billion tons, because by 2050 it
will be required to feed 9.6 billion of people. With
the ever-changing consumer habits focused on
wide wheat goods' world chain and quality, high
yield and regional adaptation requirements in
wheat cultivation in varied wheat fields. In spite
the achievement of sustainable gains in genetics,
there are challenges like climate change and
variety of stresses at both local and global level
that pose threats to wheat production which need
a proper mitigation measures [5]. Furthermore,
the breeding of wheat with high performance
cultivars has resulted in the genetic diversity to
be narrower, consequently making all types of
wheat susceptible to more epidemic pathogens
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which thus affect global wheat
production. Fighting  these limitations  still
occupies one of the top priority goals if we are to
provide a secure food supply for the world, for
now and tomorrow [6].

2.  THE INTRICATE LIFE CYCLE OF
THE PATHOGEN

Puccinia striiformis f. sp. one of barley (Pst),
Wheat Stripe Rust better known Pust meant to,
to undergo five stages of the spores and relies
two plant hosts species to carrying out the
lifecycle. The lifecycle of Pst can be broadly
categorized into two main stages:The lifecycle of
Pst can be broadly categorized into two main
stages:

2.1 Asexual Stage (On Wheat - Primary
Host)

At this stage of sowing, the seedling triticonose,
which is a Triticum sativum disease, generally
shews up. It involves multiple cycles of dikaryotic
Pst urediniospores (with two nuclei per cell: The
life cycle goes forward in andiincomes, thereby
the sporulates are splashed to the atmosphere
and acted by the wind current to infect the
primary host This pathogen is common in ears of
dry or wet beans, an infection that destroys cell
membranes of host plants and leads to
multiplication. This mycelia formation
interweaves through the mesophyll cells taking
place within as well as between them
[7]. Haultoria, which are small infection
structures, are present here and they serve a
purpose of extracting nutrients from the host cell
walls. Visible 12-14 days after infection on
susceptible mature plants, with symptoms
consisting of yellow to orange urediniospores
forming blisters along veins, with these blisters
appearing as stripes. Infections can be
interpreted as further human death can be
happened as a consequence of the series of
secondary infection. Depending on the
resistance level or mild susceptibility, symptoms
range from dark spots having no sporulation
(indicating hypersensitivity) to strong necrotic
and chlorotic patches with slightly limited
sporulation [8]. By the end of the wheat period of
growth, a few isolates may be able to create two
haploid cells through karyogamy. Subsequently
these teliospores germinate giving rise to a
promycelium of four cells which perform meiosis,
eventually forming a single haploid nucleus
linked to the apical cell from which the
basidiospore is developed, which is the spore
capable of infecting the alternative host [9].

2.2 Sexual Stage (On Berberis Species -
Alternate Host)

Pst sexual stages develop on the same Berberis
host species, which serve as the alternate
hosts. Genetic interaction and gradual variation
of Pst will entail genetic recombination and
diversity in the course of this stage [10].
However, much information is still unknown
regarding the sexual stage of the Pst, and now,
members of the Berberis species are being
investigated as potential carriers of the Pst
lifecycle along with female rust species Pucillinia
graminis f. sp. Numerous studies during the past
2-3 decades have demonstrated that three
million people become sick with tritici (a stem
rust disease) yearly. In the past, such a thought
encouraged authorities in various European and
North American communities to remove the
plants completely. You may wonder, however,
how Blackberries infected with Pst do not exist in
the wild [11]. The abundance scarcity could be
attributed to environmental factors, which make
conditions neither suitable for two stages
separated by almost two weeks and which
involve a single structural element telia as well as
unstable time periods and optimal germination of
teliospores embedded within telia, which
happens during the last weeks of the infection
season and produce basidiospores, which are
within their short viability [12]. A study published
recently revealed that species of Berberis in the
Pacific Northwest are not the great contributors
to the YR occurrence in US several areas. On
the other hand, new alternate host, Oz Perennial
Plant (Oregon grape) would be added to the
list. Wheat infection achievement purpose is to
provide the sexual Pst stage with the new
mixtures of host standing genetic variation. The
procedure leads to the transmogrification of new
genetically engineered clones which are potent
and powerful enough to be responsible for
worldwide epidemics and rapid response
alteration in efforts to prevent the attacks on
wheat resistance capacities [13].

3. EVOLUTION AND ADAPTION OF
PATHOGENS

During the late nineties, some countries across
the globe, such as Nepal and Pakistan which are
in Himalayan region, and the China which is near
Himalayan region, did show some notable
exceptions in the prevailing low genetic variation
of Pst [14]. It was observed that they were areas
with  heightened recombination, incredibly
effective at sexual reproduction, and significant
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genetic variability, which landed them on the
putative origin centers list for Pst. Nonetheless,
the era of malicious bastards and the sudden
shoot of Pst(Plum Pox virus) in the recent
Pst(Plum Pox Virus) has observed. This is an
outstanding occurrence as the novel strains,
PstS1 and PstS2, spread throughout the U.S.,
Europe, and Australia within 3 years, at the
beginning of the 21st century [15]. The current
genetic analysis performed worldwide used DNA
fingerprints and detailed virulence pathotyping
and discovered that while these two strains were
almost identical in the genetic level, they
established the divergent path compared to the
root strains in their own geographic area. The
reported fast transmission of new strains was
linked to the evolutionary development of their
high aggressiveness (higher spore production,
faster symptoms appearance and adaptation to
high temperatures) and to detail investigations
which were conducted later following this rapid
progress of the disease [16].

Besides the two standard PstS and PstS2,
unusual synthesis of Pst races has been also
spotted. The northern healthy Pst population
from eastern France displays high levels of
heterogeneity and unique clonal population
composition, while a single clone isolated from
the south persists over time and is also
widespread in the neighbouring populations. This
southern isolate was observed to be more in
genus with nearer to Central Asian-
Mediterranean population. The same thing, large
DNA segments are reported to distinguish both
large and small population of pathotypes from
the pathotypes of 'old' Northwestern European
population having high genetic variability [17]. In
2011, two new race Pst types were found that
were named after the cultivar on which they were
first identified: 'Wolinvibe' and 'Staro' (which is
translated as 'the stock'). In thes cases, PstS7
and PstS8 were detected simultaneously in
different masks of Europe and affected bag
varieties that demonstrated previously adult plant
durability. Race clones from both races
represented an uncommon type of teliospores for
typical European isolates in a way that these
clones caused a higher spore number than
native isolates. Subsequently, recognition of
other races of Pst, including PstS10, (-'Warrior")
and PstS4 (‘Aggressive of Triticale'), along with
an expansion of genetically heterogeneous
races, has become the  predominant
phenomenon in Europe. More interestingly, these
variations that were controlled by the genetic
diversity studies are tending the scientific

community to theorize about a possible aerial-
induced foreign incursion as it was the first time
set in Europe since the beginning of Peach stalk
int as far back as the 19th century. These rapid
expansion into other places such as Central Asia
and upper African has expanded the population
of Pst which is one of the agent causing the YR
epidemics [18].

4. THE INFLUENCE OF BIOTIC
STRESSES ON WHEAT PRODUC-
TION

Around the globe, wheat production is disturbed
by pests and diseases resulting to a large extent
in 20% lost yield generation annually. One major
loss was caused by the occurrence of "Leaf
Rust" in 1938 after the susceptibility of the wheat
variety "Thatcher" revealed itself. Therefore, the
rust eroded hectares of wheat in millions over in
North America. As a result, leaf rust distant itself
in regions such as the USA, former USSR, and
China equally as constantly as before and turns
into a significant economic pressure [19]. Efforts
to develop leaf rust-resistant cultivars at
institutions such as the International Maize and
Wheat Improvement Center (CIMMYT) have
shown promising returns, with a cost-benefit ratio
of 1:For instance, educational programs, public
lectures and workshops, or even comprehensive
books are frequently added to these efforts with
the objective of multiplying the effect of the
campaign 32. The disease does not actually
reduce the quantity of grains per unit area but
rather affects both the amount and the weight of
individual wheat kernels. USA experiences loss
of more than 350 million USD between 2000-
2004, just leaf rust just would be one of
them. The same amount of loses has also
occurred in Mexico during from 2000 to 2003 and
reached to US$40 million between 2008 to
2009. In South America, e.g., Argentina, Brazil,
Chile, Paraguay, and Uruguay, losses caused by
intolerable yield depleted an immediate sum of
US$172 million between 1996 and 2003 [20]. As
much as 3 million tons in annual yield loss has
been manifested on the Chinese soil, and a 25%
yield loss in Pakistan's wheat cultivation due to
the leaf rust infestation was as much as $86
million in 1978. Australia experiences up AU$197
million in annual total yield losses on susceptible
cultivars from mauve; nevertheless, if cultivars
resistant to the disease are adopted, losses will
be substantially reduced to only about AU$12
million [21].

Also among those holdovers was stem rust, a
dreadful menace that wreaked havoc in the USA
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in the first half of the 20th century, ravaging
yields to the tune of 20% at the peak of the
epidemics occurring between the 1920s and
1960s. Incomes of Scandinavians dropped
significantly by between 9% and 33% in 1951,
while eastern and central Europeans say they
were 5-20 % lesser in 1932. Severe stem rust
epidemics happened in different parts of China
during the cropping seasons of 1948, 1951,
1952, and 1956 especially in the north of the
county and Inner Mongolia. In the case of
Canada, unpredictable plague rust epidemics
affected western parts of the country, wreaking
havoc with estimated losses of at least CA$175
to CA$233 million and the development of the
National Phytopathology and Rust Control
Program. Researchers recently estimated that
the wheat yield loss exceeding 6.2 million tons
worldwide could annually amount to US$1.12
billion. This is almost equivalent to the global
wheat export value of 2019 [22].

5.  SIGNIFICANT BIOTIC FACTORS
THAT RESTRICT WHEAT
PRODUCTION IN VARIOUS

ENVIRONMENTS

The human sources of intensive wheat cropping
systems encounter a lot of problems due to
different fungal pathogens that use two principal
strategies of plant pathogens, biotrophic and
necrotrophic. In addition to pathogenic fungi, the
Blumeria graminis form powdery mildew,
Puccinia graminis tritici produce stem rust,
Puccinia recondita/ Puccinia triticina turn into leaf
rust, and Puccinia striformis cause stripe
rust. Apart from the residue-borne quintessential
pathogens like Pyrenophora tritici-repentis which
causes tan spot, Mycosphaerella graminicola
causing Septoria tritici blotch, Phaeosphaeria
nodorum causing Septoria nodorum blotch,
Cochliobolus sativus causing spot blotch , and
Fusarium graminearum and Seed dressing, the
low productivity and non-smut regions caused
common bunt that is caused by Tilletia caries
and bunt which caused by Tilletia indica as well,
can be of major importance in important regions
such as Karnal bunt [23]. While above 50 viral
wheat species diseases are also reported,
though their importance is clinically limited to
certain zones of the world usually causing
productive loss. Respective viruses such as the
corresponding genera Bymovirus of the plant
Potyviridae family, or the genus Furovirus of the
plant Virgaviridae family, the root infecting
plasmodiophorid Polymyxa graminis, as well as
the insect transmitted viruses; for example,

Barley Leaf Yellowing (BYD) caused by
luteoviridate group Moreover, it should be noted
that Tritimovirus’ group, which is classified in the
Potyviridae family, is Wheat Streak Mosaic Virus
(WSMV) and is another well-known viral disease
of wheat. While wheat pathogens can be either
fungi, viruses, or bacteria, we need to have a
good understanding of them before their disease
management strategies. Implications of
economically significant diseases concerning the
agro-ecosystems of major wheat-producing
nations have been discussed in length so as to
guide against the losses they pose [24].

6. RUST DISEASE AND ITS TYPES

The two species of rust fungus, which attack the
wheat crop, constitute a significant issue for
growers of wheat across the globe. These pests
lead to a reduction in produce volume and this
result is quite a headache not only to farmers but
also for the people at the end of the chain. It is
thought that damage inflicted by wheat rusts is
reported to be between US$4.3 to US$5 billion
on an annual basis. The diseases of rust
recorded in the past are known to be an old
enemy of wheat, which could be one of the
earliest pathogens that took hold of their
nutrients system hence, destroying it. Spores of
stem rusts dated back to circa 1300 BC, and
their existence in Israel was reported having
severe influence on cereals in this region, Italy,
and Greece [25]. There are three main types of
wheat rust diseases: it's important to emphasize
that as of now there are three types of rust that
appear in different colors in different places
across the world, which is the stem (black) rust,
stripe (yellow) rust, and leaf (brown) rust. From
the group of Basidiomycota, genus Puccinia,
these three diseases have been identified and
were called P. graminis f. sp. By implementing
these resistance races along with sufficient
surveillance, we can stamp out multiple wet
spell-induced epidemic outbreaks of stem rust
caused by P. tritici (Pgt) and stripe rust prompted
by P. striiformis f. sp. wheat Stripe Rust and
Wheat Leaf Rust respectively caused by P.
striiformis (Pst) and P. triticina (Pt) fungal
disease. All species of rust pathogens during
their outbreaks account for considerable loss of
wheat genotypes and, as such, are critical issues
to farmers around the world.

6.1 Stem Rust

Stem rust, another plague, is often found in
warmer geographical regions and is primarily
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detected at later stages of growth. SR may be
the single factor which underwent the
catastrophe possibility in a regular and healthy
crop yield during an outbreak, with rigid yield
losses observed. At the initial stage of the
disease, the inflorescences will be shrunken or
de-grained and thus, more missing grains result
in the loss of yield. World SR diplomacy and the
worldwide efforts have a massive impact on
successful implementation of global action
strategies to curb SR epidemics. Some of these
interventions are: elimination of barberry species
between the years of 1918 through to 1980 in the
USA and its domestic country, employment of
wheat germplasm carrying broad effective SR
genes, and the use of fungicides. While SR was
successfully controlled over thirty-year practice,
variant "Ug99" emerged as an existential threat
for world wheat and once again, it has become a
challenge to achieve effective control of this
disease. The race Ug99 (TTKSK) shipped
countrywide and upon encounter of over 50% of
the known Sr resistance genes including
programmed genes like Sr31 and Sr38 among
the widely adopted genes, it has developed
unique virulence. Rogue strain (Ug99) was first
seen in 1999 when it was detected in Uganda,
since then it has affected bagrgrounds of whole
Africa and the Middle East. The TTKSK-race root
is speculative, and the distinguishing genetic
characteristics of it from other stem rust hint at
the possibility that it did not undergo selection
process among races of Pgt. Certain novel
tehnoumatic combinations within the Ug99 race
group can now overcome effective resistance
genes, not only in East Africa, but also
threatened production in other wheat producing
regions [26].

6.2 Stripe Rust

Stripe rust (E, radiation, also known as yellow
rust, is a common disease not only in nearly all
the zones of wheat growing, but also in wheat
production areas. The race of the sense of sight
is characterized by its ability to tolerate lower
temperatures, accompanied by well-humidified
weather, and in the last decade by its adaptability
to the areas of moderate climatic conditions,
situated far from the equator. The species able to
endure the elevated temperatures were those
that have migrated to the spots where the
temperature is pretty high, including these
moving between different growing regions. It is
that this drift leads to susceptibility of various
cultivars to the disease when this appears on the
proliferation stage. In the course of years, new

races with increased frequency for virulent
strains within the Pst per se have come into
being and popular wheat varieties have become
more vulnerable to these harsh effects. An
estimate of 5.5 million tons of YR yearly
worldwide being lost in the field is the latest
available statistic. In North America alone, even
before the 2000s production number dropped
below 1 million tons, while in China, losses of
yield could be in range of 1.8 to 6 million tons
depending on the spreading of the epidemic. As
in Europe where recent observations of yiel
deficits to have been partly blamed hatefully to
come from the region within the Himalayas. In
the meantime, the effect of arose races of newly
bred YR on the output of wheat is erratic. These
new incursions are unfortunately more often
combined with acts of widespread
destruction. For ~ example, introduction  of
Japanese citizens to eastern and western
Australia in 1978 and a few days later, in the first
decade of 2000s led to the serious
damage. Native people in America have been
replaced by immigrants from exile after 2000,
while European Rast reach in 2011 and 2012
has been inundated by invaders from the
Himalayan, resulting in significant race shifts in
host susceptibility. The latest researches reveal
both pathogenicity and social trends as related to
the different and geographical areas flooded with
YR. It found out, for instance, that the highly
diverse pst races belong to different genealogical
lineages with the most aggressive types well-
adapted across a range of environmental
settings that had spread wide across numerous
regions across the continents [27].

6.3 Leaf Rust

Leaf rust (LR), the brown rust (BR), as is known,
is the most common rust fungus species which
causes damage and growth restriction in winter
wheat, spring wheat, and durum areas
also. Under failed LR, the impact of yield losses
can be great, especially when infections occur
early and are then accompanied by conducive
conditions which facilitate rapid disease
progression. The deficit mostly gets generated
due to a decrease in an average number of
grains per tiller and smaller grain masses one
tiller poddles. LR is subject to widespread
changes, warming or hot in nature implying
affected regions being vast across the US, Asia
Pacific Region, Russia or central Asia to Mexico,
southeast US, Uruguay, Argentina, Turkey,
China and Europe. The particular type of LR
pathogen Pt is either existing in tetraploid durum
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wheat or hexaploid common wheat and races
conferring virulence on several LR loci are
acclaimed most wherever rye is grown. The Pt
races, high in virulence that originated in early
2000s and spread in a virulent pattern across
South  America,  Mexico, Europe, the
Mediterranean basin, and the Middle East among
other regions is nothing but an expression of
distress to the world. At a global scale, the
various populations of Pt show their genus
specificity in  virulence and  molecular
genotype. Unlike variation and selection which
occur among specific environments, conventional
evolution, migration of Pygmy races from various
continental regions is the most probable and
recent scenarios. Beginning from the mid-1990s,
isolates of Pt with the virulence to particular LR
genes have been more and more. Consequently,
these have been found in different regions of
North America, Europe, South America, Ethiopia,
Turkey, and Pakistan. The isolates of this type
tend to be associated with unique molecular
genotypes, which are the telltale signs of the
current arrivals to the regions. Moreover, Pt-virus
isolates, which are and or closely related to the
diverse backgrounds, are now found in
Middle East, South America, Europe, Ethiopia,
Tunisia, Mexico and the US since the early
2000's [28].

7. OTHER WHEAT DISEASES
7.1 Powdery Mildew

Made by Blumeria graminis f. sp. Is one of the
things that causes powdery mildew. unlike the
rust diseases, tritici spreads rapidly under the
moist climate that is either rain-fed or linked with
irrigation, which in turn stimulates the incidences
of the pathogens. Nitrogen application is the
main factor responsible for the disease tightly
linked with that, with the application of excessive
nitrogen fertilizer leading to a severe flood of
disease. What it offers is that warm and rainy
regions of Asia, for instance, Japan, North and
East Africa, and areas with dominant cold and
humid climates of Europe and America, are in
the front line. The story of the plant life cycle
where powdery mildew begins to appear in early
stages may lead to the growth of tillers that use
up the stored food instead of grain yield. In
homogenous populations, even small presence
of drawback in resistant shape leads to lower
yielding. By and large predicted vyields are
achieved when taking into account the ratings of
leaves for susceptibility at the initial Feekes
stages with the most serious yield reductions

observed when significant amount of disease in
question at Feekes 10 (booting stage) and
Feekes 9 (expanded flag leaf). Timely
identification of the disease is thus paramount
and an application of fungicide at Feekes stage 9
or earlier is preferable as a way of getting around
this yield loss. Lags of up to 40% have been
detected, with a drop in average seed size and
number per unit area are the dominant traits, and
the influence of host resistance/susceptibility on
the population of a mixture largely predetermines
the degree of damage inflicted on the
crop. However, the reduction probability of flour
protein will not be apparently impacting milling
and baking quality proceeding [29].

7.2 Fusarium Head Blight

EU blight (FHB) has a high position among a
host of other diseases that have evidently
affected wheat agriculturally worldwide, with the
major epidemic zones being in the North
America, Europe, Asia, and South America
(Southern Cone). Even though many strains of
Fusarium are responsible for FHB, it is the
Fusarium species complex that serves as the
most important and is found in all regions of this
global concern, including the major epidemic
regions. FHB is a prevalent disease in the spring
and summer, where the disease experiences a
peak development period during the flowering
stage of wheat, causing large losses in harvest
yields and quality. The fungus represents
another danger by producing mycotoxins
(including deoxynivalenol or vomitoxin) which are
very toxic and harmful not only for people but
also for animals. It becomes very clear why the
apprehension about food and feed safety is
warranted. International standards and
regulations concerning the maximum allowable
concentration of DON in wheat grain and its final
products are in effect in many countries. But
when the allowed level is exceeded then it can
cause drop in price by a big margin. According to
the study for the USA period 1993-2001 FHB-
related losses in wheat and barley resulted in this
significant amount as much as US$7.67
billion. China has probably seen a huge growth in
FHB epidemics in the last two decades with
affected areas ranging from 5.3 million hectares
to 9.9 million hectares in an average year and a
record high of 9.9 million hectares in 2012 during
the epidemic. FHB has yield losses that may be
up to twice as big as that of rust where the
reduced crops can be as low as 50-70%
especially in Europe, North America and South
America ongoing [30].
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8. DISEASE RESISTANCE

8.1 The Molecular Underpinnings of
Wheat Disease Resistance

Since wheat was produced through a
hybridization of different species or genera thus
becoming an allopolyploid, it possess high
genetic diversity, which helps the crop to fully
adapt to a wide range of environments. Being a
very broad high ealtioned crop, wheat is being
everytime exposed to a wide range of parasites
and pathogens more of which can spread around
globally. With their immune systems becoming
more complicated through millions of years of
coevolution with diseases, these plants have
developed a defense mechanism. This immune
system times happen among gene for genes
interactions, where some plant resistant genes
against a certain disease (R-genes) interact with
corresponding avirulence genes (A-genes) in the
pathogen. The plant immune system consists of
two main components: pattern-recognition
immunity (PTI) or effector-directed immunity
(ETI). PTI becomes triggered when investigate
plant receptors recognize microbial or pathogen-
associated molecular patterns (which are known
as MAMPs or PAMPSs). Otherwise, ETI entails
perceiving evoked effectors of pathogen by plant
immune receptors including conserved domains
such as NBARC and LRR (NLRs). It is common
knowledge among biologists that the two
domains have a function of recognizing
NLRs. Antibiotic treatment sometimes triggers an
extratoxic-state  that is characterized by
hypersensitive reactions (HR) at the infection site
[31]. Thus, the wheat holds many genes that
confer biotic stress resistance, but only a small
bunch has been isolated and subjected to
cloning. Such genes are very diverse sources of
genetics including various species from the
primary gene pool (e.g., Triticum spp.),
secondary gene pool (example with T.
timopheevii), and the tertiary gene pool
(considering Aegilops, Secale and
Thinopyrum). These genes are the key element
in the genetics that improve the level of wheat
resistance to pathogens and peste, that's why
the agriculture productivity is maintained on a
global scale.

8.2 Insect Resistance in Wheat

The responses that govern insect resistance in
plants can be broadly categorized into three main
types: reservoirs, tolerance, antibiotic, and
antixenosis [32].

8.3 Tolerance

Resistance in a plant is the amount of damage
caused by insects without having a considerable
structural failure. With genetic make-up as an
intricate network of specific traits made insect
remaining a beautiful picture without interfering
with production. The term tolerance just does not
favor the spread of insect pests and thus does
not provide them selective pressure. A part of
crops and plants actually remains sensitive to
insect damage.

8.4 Antixenosis

The antixenosis is a countermeasure that
happens when plants are unappealing or nasty
for the stems, causing lesser meals or the
removal by insect pests. This can be achieved
through genetic differences in the chemistry of
plants, for instance, which make them chemically
inedible, or through plant structure such as plant
surface texture. Que antixenosis can be involved
as a main factor in lower insect to crop damage

8.5 Antibiosis

In the context of antagonism, inhibited growth
and reduced fecundity of ruggedly edible plants
by insect pests is known as antibiosis. The
decrease could translate into a shrinking of the
adult populations, a delayed development of
insects, or a fertility shortage. Antibiosis is
perhaps the most important form of resistance to
insect pests involving plants with a mean
contribution of around 90%, the cases have been
recorded to be in the field. There are three
mechanisms involved in this collective and this
recruitment forming the overall plant defense
against insect pest. Explaining the influenced
mechanism can be used when developing the
methods of insect resistance of crop through
breeding or the biotechnological approach.

9. CONCLUSION

The issue of wheat pathogens is becoming more
and more complex, and therefore it is necessary
to take efforts to reveal new ways of controlling
this disease and the breeding of resistant
wheat. While epidemics of severe diseases are
not observed in recent years and genetic
variability in cultivated varieties of wheat is not
that important problem, the two dynamic factors
stil remain a challenge - the investigating
pathogens' ability to bypass the resistance of
wheat cultivars and the lack of genetic diversity
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among them. Seed resistance is brought about
by introducing race specific and APR genes with
the selection of a wide germplasm base. While
this rapidly evolving race of new pathogen genes
that can overcome the race-specific resistance
genes can result in extensive susceptibility of
varieties to them, plant breeders have developed
methods to slow this down or at least to delay
this race. To solve these challenges by improving
the productivity of wheat and staying clear of
factors causing crop losses, the breeding
strategy must be strengthened for developing
strong multi-resistant traits that resist all
diseases. Combining novel genomic methods,
including NGS, and phenotypic selection offers
an optimistic prospect of making the grain
tolerance of the species serve not only for
diseases but also for various other essential
purposes. Having wheat genome reference and
genetic mapping technologies enables the
interregional finding and cloning of genes
promoting rust resistance in a matter of time.
However, the latest development in wheat
transformation methods is another chance to add
high resistance genes or gene clusters choice
using a very specific functional marker. This
strategy help breeding resistance to factors that
influence the manifestation of resistance in a
certain way on the basis of a variety of
mechanisms of disease resistance
expression. The policy world would dictate the
destiny to use transgenic cassettes as a tool for
developing the cultivars' resistance against
diseases in a specific country or worldwide. With
the use of modern molecular techniques and
conventional breeding practices, scientists and
breeders can significantly speed up the breeding
process of wheat species that are either resistant
or tolerant to diseases. Hence, they can
contribute in leading to a global food security as
well as developing the farmers.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of manuscripts.

COMPETING INTERESTS

Authors have declared that

interests exist.

REFERENCES

no competing

1. Babu P, Baranwal DK, Harikrishna Pal D,
Bharti H, Joshi P, Thiyagarajan B, Gaikwad

10.

147

KB, Bhardwaj SC, Singh GP. Application of
genomics tools in wheat breeding to attain
durable rust resistance. Frontiers in Plant
Science. 2020;11:567147.

Bakala HS, Mandahal KS, Sarao LK,
Srivastava P. Breeding wheat for biotic
stress resistance: Achievements,
challenges and prospects. Current trends
in wheat research. 2021;12:11-34.

Bhalla PL, Sharma A, Singh MB. Enabling
molecular technologies for trait
improvement in wheat. Wheat
Biotechnology: Methods and Protocols.
2017;3-24.

Bhavani S, Singh P, Qureshi N, He X,
Biswal AK, Juliana P, Dababat A, Mourad
AM. Globally important wheat diseases:
status, challenges, breeding and
genomic tools to enhance resistance
durability. Genomic designing for biotic
stress resistant cereal crops. 2021;59-
128.

Bhavani S, Singh RP, Hodson DP, Huerta-
Espino J, Randhawa MS. Wheat rusts:
current status, prospects of genetic control
and integrated approaches to enhance
resistance durability. In Wheat
Improvement: Food Security in a Changing
Climate. Springer International Publishing
Cham. 2022;125-141.

Blanco A. Structure and trends of
worldwide research on durum wheat by
bibliographic mapping. International
Journal of Plant Biology. 2024;15(1):132-
160.

Hussain B, Akpinar BA, Alaux M, Algharib
AM, Sehgal D, Ali Z, Aradottir GI, Batley J,
Bellec A, Bentley AR. Capturing wheat
phenotypes at the genome level. Frontiers
in Plant Science. 2022;13:851079.

Jia M, Guan J, Zhai Z, Geng S, Zhang X,
Mao L, Li A. Wheat functional genomics in
the era of next generation sequencing: an
update. The Crop Journal. 2018;6(1):7-
14.

Juliana P, Poland J, Huerta-Espino J,
Shrestha S, Crossa J, Crespo-Herrera L,
Toledo FH, Govindan V, Mondal S, Kumar
U. Improving grain yield, stress resilience
and quality of bread wheat using large-

scale  genomics. Nature  genetics.
2019;51(10):1530-1539.

Keller B, Wicker T, Krattinger SG.
Advances in wheat and pathogen

genomics: implications for disease control.
Annual Review of Phytopathology.
2018;56:67-87.



11.

12.

13.

14.

15.

16.

17.

18.

19.

Ullah et al.; Asian J. Biotechnol. Gen. Eng., vol. 7, no. 1, pp. 139-149, 2024; Article no.AJBGE.117456

Koutouleas A, Collinge DB, Boa E. The
coffee leaf rust pandemic: An ever-present
danger to coffee production. Plant
pathology. 2024;73(3):522-534.

Kumar S, Jacob SR, Mir RR, Vikas V,
Kulwal P, Chandra T, Kaur S, Kumar U,
Kumar S, Sharma S. Indian wheat
genomics initiative for harnessing the
potential of wheat germplasm resources

for breeding disease-resistant,
nutrient-dense, and climate-resilient
cultivars. Frontiers in genetics.

2022;13:834366.

Kumar S, Thilagam P, Shikha D, Saikanth
D, Rahmani U, Huded S, Panigrahi CK.
Adapting plant protection strategies to
meet the challenges posed by climate

change on plant diseases: A review.
International Journal of
Environment and Climate Change.

2023;13(12):25-36.

Kusunose Y, Rossi JJ, Van Sanford DA,
Alderman PD, Anderson JA, Chai Y,
Gerullis MK, Jagadish SK, Paul PA, Tack
JB. Sustaining productivity gains in the
face of climate change: A research agenda
for US wheat. Global change biology.
2023;29(4):926-934.

Li H, Vikram P, Singh RP, Kilian A, Carling
J, Song J, Burgueno-Ferreira JA, Bhavani
S, Huerta-Espino J, Payne T. A high
density GBS map of bread wheat and its
application for dissecting complex disease
resistance traits. BMC genomics.
2015;16:1-15.

Luo K, He D, Guo J, Li G, Li B, Chen X.
Molecular advances in breeding for
durable resistance against pests and
diseases in wheat: Opportunities and
challenges. Agronomy. 2023;13(3):
628.

Mapuranga J, Zhang N, Zhang L, Liu W,
Chang J, Yang W. Harnessing genetic
resistance to rusts in wheat and integrated
rust management methods to
develop more durable resistant cultivars.
Frontiers in Plant Science.
2022;13:951095.

Naseri B, Safaee D. Rust, Weather &
wheat yield yellow rust, wheat cultivar, and
weather conditions are influencing crop

yield. World Journal of
Environmental Biosciences. 2023;12(3-
2023):20-26.

Nigus EA, Taye GB, Girmaw DW, Salau
AO. Development of a model for detection
and grading of stem rust in wheat using

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

148

deep learning. Multimedia Tools and
Applications. 2023;1-28.

Pfrieme AK, Will T, Pillen K, Stahl A. The
past, present, and future of wheat dwarf
virus management—a review. Plants.
2023;12(20):3633.

Randhawa MS, Bhavani S, Singh PK,
Huerta-Espino J, Singh RP. Disease
resistance in wheat: present
status and future prospects. Disease
Resistance in Crop Plants: Molecular,
Genetic and Genomic Perspectives.
2019;61-81.

Rasheed A, Mujeeb-Kazi A, Ogbonnaya
FC, He Z, Rajaram S. Wheat genetic
resources in the post-genomics era:
promise and challenges. Annals of botany.
2018;121(4):603-616.

Rebouh NY, Khugaev CV, Utkina AO,
Isaev KV, Mohamed ES, Kucher DE.
Contribution of eco-friendly agricultural
practices in improving and stabilizing
wheat crop yield: A review. Agronomy.
2023;13(9):2400.

Savadi S, Prasad P, Kashyap P, Bhardwaj
S. Molecular breeding technologies and
strategies for rust resistance in wheat
(Triticum aestivum) for sustained food
security. Plant pathology. 2018;67(4):771-
791.

Singh BK, Delgado-Baquerizo M, Egidi E,
Guirado E, Leach JE, Liu H, Trivedi P.
Climate change impacts on plant
pathogens, food security and paths
forward. Nature Reviews Microbiology.
2023;21(10);640-656.

Singh J, Chhabra B, Raza A, Yang SH,
Sandhu KS. Important wheat diseases in
the US and their management in the 21st
century. Frontiers in Plant Science.
2023;13:1010191.

Singh RP, Singh PK, Rutkoski J, Hodson
DP, He X, Jagrgensen LN, Hovmgller MS,
Huerta-Espino J. Disease impact on wheat
yield potential and prospects of genetic
control. Annual Review of Phytopathology.
2016;54:303-322.

Sun C, Hu H, Cheng Y, Yang X, Qiao Q,
Wang C, Zhang L, Chen D, Zhao S, Dong
Z. Genomics-assisted breeding: the
next-generation wheat breeding era. Plant
Breeding. 2023;142(3):259-268.

Tadesse W, Amri A, Ogbonnaya FC,
Sanchez-Garcia M, Sohail Q, Baum M.
Wheat. In genetic and genomic resources
for grain cereals improvement. Elsevier.
2016;81-124.



Ullah et al.; Asian J. Biotechnol. Gen. Eng., vol. 7, no. 1, pp. 139-149, 2024; Article no.AJBGE.117456

30. Wulff BB, Krattinger SG. The long road to
engineering durable disease resistance in
wheat. Current Opinion in Biotechnology.

2022;73:270-275. 32.

31. Yigider E, Taspinar M S, Agar G.
Advances in bread wheat production
through CRISPR/Cas9 technology: A

comprehensive review of quality and
other aspects. Planta. 2023;258(3):
55.

Zhao J, Kang Z. Fighting wheat rusts
in China: A look back and
into the future. Phytopathology Research.
2023;5(1):6.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/117456

149


https://www.sdiarticle5.com/review-history/117456

