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Abstract

Background of Abstract: Wheat is threatened by spot blotch disease causing considerable yield loss, with existing
genotypes lacking resistance and the necessary nutrients. Cytokinins (CKs) are key phytohormones that not only
regulate plant development but also play an important role during spot blotch disease and in the nutrient metabolic
pathway of crop plants.

Body of Abstract: Spot blotch disease, caused by Bipolaris sorokiniana syn. Helminthosporium sativum syn. Cochliobolus
sativus is one of the dangerous diseases of wheat (Triticum aestivum L.) in Asia. Previous study identified the significant
impact of zinc (Zn), sulfur(S), iron (Fe), nitrogen(N), potassium(P), and chlorine (Cl) fertilization on dipping the spot
blotch acuteness in two wheat varieties Bhrikuti and Sonalika in Nepal. Cytokinins (CKs) are crucial phytohormones
that not only control plant growth but also show a significant function during the nutrient metabolic pathway and in the
stressed condition of the cereal crop plants. Lack of vital nutrients like Zn, S and Fe initiates severe injury of the body
which is pleading the urgent requirement to improve the increase of these micronutrients in the cereal crop plant. Crop
bio-fortification is one of the promising methods through which these nutrients could be boosted to a desirable volume.
Cytokinin has a crucial role in controlling environmental stress and defense methods of plants. It is also discovered that
it has an effect over Zn growth in cereal crop plants. Many studies identified that an augmentation of Zn, S and Fe in the
seeds of the cereal crop plants ensuing the improvement of the root elongation which is also helpful for foraging
nutrients to the innate ends of the soil and supports in the water absorbance in the drought area. Traveling
micronutrients from the lithosphere through the root supports in the uptake of the micronutrients and transferring
them to the cereal crop plants.

Short Conclusion: This review is exploring a crop bio- fortification method containing CRISPR-Cas9 through breeding
methods could be a significant job for spot blotch stress management and developing the desirable traits to boost the
nutritional rate of wheat which would be beneficial for mankind.

Keywords: Wheat; Spot blotch; Nutrients; Cytokinin (CK); Biofortification.

1. Introduction

Wheat (Triticum aestivum L.) is one of the most vital cereal crops in the world (1,2). Wheat is considered the most
important cereal crop as it is broadly grown and eaten as food around the world among the field crops. It is also
considered as the main food for almost 35 per cent of the world population. Wheat is probable to cultivate quicker than
the other chief cereal crop plants (3). It is grown in a ample array of ecological conditions around the world and it is rich
in nutrition apparatus and delivers around 20% of protein in human diet (4). Majority of the success was instigated by
the amalgamation of high rates of venture in crop research, market expansion, and appropriate plan support that
acquired place in the first Green Revolution, nonetheless still there is necessity to progress the crop yield to acquire the
mandate of the hastily growing population (3). However, wheat is grown at a large measure and there is extreme
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demand around the world. Therefore, due to food security, fundamental alterations are required to enhance crop
production due to converge the necessity of the deprived people (5). Instead of being contemplated as a main food,
wheat is also a main font of nutrients for almost 40% of the world (6). Still, malnutrition is a thoughtful topic these days.
Therefore, the advancement of the implying wheat genotypes via crop bio-fortification which improves the breeding
method is necessary for nutritional security (7). Around 90%-95% of wheat grown in the world is bread wheat having
2n = 6x = 42 poised of three sub genomes like A, B, and D diploid genomes which is a rich pool of genes deciding
production and its promoting desirable traits (Nadolska et al., 2017). However, wheat is susceptible by spot blotch
disease which is caused by Bipolaris sorokiniana syn. Helminthosporium sativum syn. Cochliobolus sativus which is
regard as one of the most overwhelming diseases in Southeast Asia and Eastern India (9,10). Internationally, it is
considered as the most severe disease of wheat crops, mostly in warm areas of South America and South Asia (11). For
this reason, attempts have been attained to identify resistance genotypes, but obtainability of immune plants is still
absent (11,12). This spot blotch disease was identified during 19th century; however, it was achieved more attention
after Green Revolution (13). Cultivars of wheat and barley are considered under Spartan attack from pathogens mainly
at the time of flowering which severely hampers the grain filling and finally escorts to sinking the production of barley
(14) and wheat crops (15). The usage of fungicide can decrease the spot blotch disease harshness (16), nevertheless
frequent usage of fungicides not only upsurges the cost of agriculture production but also contaminates the
environment. However, it is related to making fungicidal resistance pathogen as well (17). Therefore, development of
resistance cultivars by molecular breeding method is a fruitful and cost-friendly approach for reducing the spot blotch
problem. The accessibility of genetic data on spot blotch resistance genetics is limited as exposed by present literatures.
Besides this spot blotch disease, wheat crop also suffers from deficiency of the essential nutrients for the human body.
When the body does not acquire sufficient nutrients, it causes many health problems including fatigue, dizziness
digestion, weight loss, and malnutrition which can trigger mental or physical disability. Previous studies identified that
micronutrients are crucial for body functions, and their lack of them creates severe physical illnesses especially immune
system disorder. Likewise, Verma et al. (18) identified that shortage of micronutrients triggers learning disability,
decreases physical growth, and reproduction, and raises the percentage of infection. Even though the country has
reached total crop yield calculated at 296.65 million tons in 2019-20, but it was higher by 26.87 million tons than the
average yield of crop of the earlier 5 years. Likewise, wheat yield is calculated at 107.59 million tons in 2019-20
(Anonymous). Nevertheless, during the production of high yielding genotypes, adequate consideration has not been
given to important nutrients; consequently, these developed high yielding genotypes have low amount of vital nutrients.
Therefore, discovering the essential genotypes which deliberate a good source for spot blot disease resistance, and are
rich in vital nutrients, and can harness the cytokinin hormone related genes would be a significant and useful method
for developing crop production and other necessary traits by the application of molecular breeding methods such as
multidisciplinary methods. For developing the high yielding wheat cultivars along with the essential nutrients,
harnessing cytokinin is one of the evolving methods for the scientists under the changing global climate. The changing
global climate raises greenhouse gases which are responsible for the decrease of crop yield, and quality which cause the
nutritional lack in human body (19). Previous studies identified that drought stress decreases the accessibility of vital
micronutrients, especially Fe and Zn (20). For supplying the demand of the fast-growing population, developing the
production of crop plants is the main goal of plant scientists in the 21st century as well as increasing the vital nutrients
level in the crop plants, through either bio-fortification (creating crops that have higher amount of the essential
nutrients in their edible organs) or creating the genotypes along with vital nutrients via breeding methods is the present
goal. In continuation, 28 bio-fortified wheat genotypes along with essential traits have been acquired (21). Production
of wheat along with desirable traits can be developed by two key methods, the first is improving the high productive
genotypes along with vital nutrients by joining all linked gene(s)/QTLs into a single genotype, and the second is
decreasing the yield loss of potential genotypes caused by either biotic or abiotic stressors.

1.1. Symptoms and Diagnosis of Spot Blotch Disease

Symptoms of spot blotch naturally become visible on the sheath, leaf, glumes, and nodes as light brown lesions, typically

elliptical in shape, measuring around 5-10 mm long and 3-5 mm wide. These lesions are dotted throughout the leaves
and slowly raise in size and merge to create bigger necrotic patches which is indicated in Figure 1. The affected leaves
quickly become chlorophyll deficient and ultimately die. During the most acute conditions, the spikes are also severely
impacted and dark brown to black staining seems around the germinating point of the seed. The disease’s level is
modulated by various abiotic factors such as moisture, soil fertility, and temperature.

These symptoms stated above may normally be used for diagnosis of the disease, although this may require
confirmation by microscopic identification of the pathogen. Therefore, alternative approaches for diagnosis by using
either DNA-based probes or antibody have also been used (22). Like an example, an isolated sequence-categorized
amplified zone (SCAR) marker was established for PCR-based recognition of B. sorokiniana in soil and plant tissues (23).
This marker admitted the detection of the pathogen even before the visual symptoms occur in wheat leaves. This helps
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in immediate detection and taking essential action for disease management. Amplified polymorphic DNA markers had
been used for pathogen classification belonging to numerous groups of spot blotch established based on color and shape
of the colonies (24). Recent study has been identified that fungal isolates from wheat plants were known to
be B. sorokiniana, by using DNA markers based on (i) f-tubulin gene (ITS), (ii) ribosomal DNA gene and (iii) EF1-a gene
(25).

Figure 1 Spot blotch disease symptoms on wheat leaves.

2. Harnessing the Role of Nutrient on the Alleviation of Spot Blotch Disease Severity in Wheat based
on the Literature Review

Spot blotch disease in wheat triggered by Bipolaris sorokiniana syn. Helminthosporium sativum syn. Cochliobolus sativus
- a non-specific foliar pathogen, is one of the most worrying wheat (Triticum aestivum L.) diseases recently in the
temperate areas of South Asia (26). Due to this Spot blotch disease, Yield loss is very severe in the region of South Asia
(27,28). Previous studies have identified that, spot blotch disease seriousness may be serious by soil nutrient failings
(26,29). Previous studies suggested that application of mineral nutrients may decrease spot blotch disease severity in
wheat (30,31). Application of nitrogen exhibited reduction in spot blotch severity of wheat under the field (31,32) and
greenhouse conditions (33). Despite an early identification of the function of potassium in decreasing field crop
diseases, its impact on spot blotch disease in wheat is inadequately identified. Inadequate earlier studies recommended
that potassium treatment may be critical in decreasing spot blotch disease severity (26,31). Long-term experiments
applying nutrient management tools in rice-wheat cropping systems have exhibited that K level in the soil is
deteriorating (32,34). Therefore, in the rice-wheat system yield losses can be observed to increase when spot blotch
pandemics appear in K deficient soil. Several studies identified the significance of reducing spot blotch disease for
producing higher yields in humid and warmer regions (28). Restricted previous studies identified that K application can
decrease spot blotch disease seriousness (29,35). Previous studies recommended that sufficient Cl nutrition acted as an
important function in the leaf rust (Puccinia triticina) resistance of wheat (36,37).

2.1. Expression of Cytokinin Genes for the Development of Yield's Related Traits in Wheat

Previous study investigated the impact of wheat gene family members (GFMs) expressing the CKX enzyme, which
degrades cytokinin oxide/dehydrogenase (CKX) irreversibly. Cytokinins, and as a result, it tightly controls the amount
of cytokinin in various plant parts (38,39). Their results showed that, under controlled and typical field conditions, there
was a natural variation in the expressive levels of the genes they tested. This variation was very high for yield and its
contributing traits, suggesting that advantageous wheat genotypes could be selected for breeding purposes to increase
crop yield. Additionally, cytokinins have a variety of functions in plant development and influence several crucial
processes for agriculture (39). The well-documented practice of silencing specific CKX in cereal crops. Increased
cytokinin levels affect yield and its component traits in rice, barley, and wheat (40,41,42). Depending on the species,
there are different numbers of CKX GFMs; however, 11-14 gene family members have been proposed for bread wheat
(44). On the other hand previous study investigated the CKX gene in wheat for the purpose of know the expression
specificity of these genes for each other (43) The development of the plant's crops and based on this expression of genes,
they have classified such genes into four groups: 1) The following groups are composed of leaf specific e.g., TaCKX9,
TaCKX5, TaCKX4. 2) Inflorescence specific and evolving spikes, like TaCKX2.mined the HvCKX expression pattern in
barley and found that these genes are essential. 3) Specific to seedling roots, such as TaCKX10, TaCKX7, and 4)
Expressed in all organs examined at varying degrees, such as TaCKX11, TaCKX3, and TaCKX8. The effect of TaCKX1
silencing in wheat was also investigated by Jablonski et al. (43), who found that yield-related trait characteristics and
various co-expression modes with other TaCKX GFMs affected the effect. TaCKX GFMs and phytohormones that were
either up- or down-regulated controlled every yield-related attribute that was investigated. Earlier study state that
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cytokinins control the transcription of genes in targeted organs and that a variety of transcription factors (TFs) are
linked to different stages of crop growth. NAC (for NAM, ATAF, and CUC) TFs are one of the biggest families of plant TFs
involved in cytokinin-dependent regulation (44). It has been established that national advisory councils have a role to
play in regulation. important agronomic traits. The field experiment was designed to investigate the situation, The effect
of spraying cytokinins with various concentrations on them Growth and yield of wheat varieties, which were found to
be 10. The growth, yield and quality of the cultivars have shown a marked difference. Higher concentrations of
cytokinins have been detected a significant difference, for the majority of traits, such as flag leafnumber of grains,
biological yield, and protein percentage respectively. Therefore, identified genotypes may be found: Under breeding
programmes, used as a parent or donor Improvement in yield and attribute characteristics is also part of this.

2.2. Harnessing the Role of Cytokine as a Genetic Resource for Enhancing Wheat Nutrition

The developed wheat genotypes have adequate yield and improvement in the other desirable traits, but they have the
necessary nutrients deficiency for the human body. Considering this occurrence in very recent past, 28 bio-fortified
wheat genotypes (Table: 1) have been discovered by different agricultural research organization which are having
sufficient essential nutrients and development in the other desirable traits (45). Along with this, many other agricultural
research has been conveyed regarding the transference of micronutrients in the crop plants to increase their essential
content (46,47,48). Therefore, to upgrade wheat genotypes for ensuring essential nutrients and other expected traits
with having the resistance for different biotic and abiotic stresses, these upgraded desirable genotypes may be selected
as donor parents in the breeding process. Besides this, previous studies identified that if chemical fertilizers are offered,
then these genotypes can produce plentiful nutrients into grains. Therefore, the desirable genotypes could be studied
by advanced breeding at a molecular level to realize the genetics of these desirable traits with the target of improving
higher genotypes. Likewise, involvement of the physiological traits with the resistance to spot blotch disease in wheat
such as leaf tip necrosis, leaf angle and stay green trait have been identified and suggested to discover breeding of the
desirable challenging genotypes as these phenotypical characteristics are effectively associated with having the
resistance to spot blotch disease (49,50,51). Stay-green is another important characteristic of wheat that can not only
boost the production of wheat but is also able to influence having the resistance to spot blotch and other environmental
stresses. This exceptional characteristic can be used as a structural marker for choosing the spot blotch disease
resistance wheat from the big wheat populations and discover the breeding of favorable genotypes by the hybridization
process. Cytokinins are identified and considered as the most effective controller between the senescence and stay-
green characteristics of plants. (52) informed that expression of cytokinins can enhance grain numbers, and seed size
of crops, and it also has a effective response against the different environmental stressors (53). Because of having well-
known properties on increasing seed number and seed size, and also having impact against different environmental
abiotic and biotic stressors and producing vital nutrients, the cytokinins might be the phytohormone which supports
the second “Green Revolution” have been reported by (54). Previous studies have identified the targeted breeding for
essential micronutrients was invented by the promising international program of CGIAR (55) which is a biofortified
breeding program including high-quantity of micronutrient phenotyping to advance the desirable genotypes by the
biofortification process for ensuring specially the three vital micronutrients, namely iron (Fe), zinc (Zn), and provitamin
A (PVA) which are very essential for the human health and they have gained momentum in 21st century. The plan for
harvesting Plus, in conjunction with its Global Consortium partners, envisages substantially increasing the quantity of
Fe, Zn and PVA in staple crops as well as releasing genetically modified wheat varieties that have great potential
throughout the world. In the future, these bio-fortified genotypes may be donors or parents in crop enhancement
breeding efforts. Excellent work has been done in creating better wheat genotypes with adequate zinc and other
necessary nutrients by the CGIAR's core center, CIMMYT (56).

Table 1 List of 28 bio-fortified wheat varieties released in country better for nutrients quality parameters.

Variety Descriptions

HI 8823 HI 8823 wheat range is evolved through ICAR-Indian Agricultural Research Institute, Regional
Station, Indore and launched in 2021. Rich in protein (12.1%) and zinc (40.1 ppm) in evaluation to
famous varieties. It offers 38. five q/ha grain yield, adulthood in 122 days and appropriate for well-
timed sown irrigated situations in rabi for the states like Madhya Pradesh, Chhattisgarh, Gujarat,
Rajasthan, etc.

HUW 838 HUW 838 wheat range is evolved through Banaras Hindu University, Varanasi below ICAR-All India
Coordinated Research Project on Wheat & Barley and launched in 2021. It incorporates excessive
zinc (41. eight ppm), yielded 51. three q/ha grain yield, matured in 148 days and appropriate for
early sown irrigated situations in rabi for the states including Punjab, Haryana, Delhi, Rajasthan,
Western Uttar Pradesh, etc.
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MP (JW) 1,358

This wheat range is evolved through Jawahar Lal Nehru Krishi Viswavidhyalaya, Zonal Agricultural
Research Station, Powarkheda below ICAR-All India Coordinated Research Project on Wheat &
Barley and launched in 2021. It is wealthy in protein (12.1%) and iron (40.6 ppm) in evaluation to
famous wheat varieties. Its grain yield is 56.1 q/ha, adulthood time is one hundred and five days
and appropriate for early sown irrigated situations in for Maharashtra, Karnataka and plains of
Tamil Nadu.

DDW 40

It eight is durum wheat, evolved through ICAR-Indian Institute of Wheat & Barley Research, Karnal
and launched in 2020. It is wealthy in protein (12.1%) in evaluation to 8%-10% protein in famous
varieties, having grain yield 47. four q/ha, matured in 111 days, appropriate for well-timed sown
irrigated situations in rabi season and endorsed for cultivation in Maharashtra, Karnataka, and
plains of Tamil Nadu.

DBW 332

DBW 332: This variety is evolved through ICAR-Indian Institute of Wheat & Barley Research,
Karnal which launched in 2021. This range is wealthy in protein (12.2%) and zinc (40.6 ppm) in
evaluation to famous range. Its yield capability is 78. three q/ha, adulthood time is 156 days and
appropriate for early sown irrigated situations in rabi season for one-of-a-kind states of the
country.

DBW 327

This range is evolved through ICAR-Indian Institute of Wheat & Barley Research, Karnal and
launched in 2021. It consists of excessive zinc (40.6 ppm), yielding 79. four q/ha, matured in one
hundred fifty-five days and appropriate for its cultivation early sown irrigated situations in Punjab,
Haryana, Delhi, Rajasthan, Western Uttar Pradesh, etc

HI 1636

It is evolved through ICAR-Indian Agricultural Research Institute, Regional Station, Indore and
launched in 2021. Variety consists of excessive zinc (40. four ppm), has 56.6 q/ha grain yield,
matured in 119 days and appropriate for well-timed sown irrigated situations in rabi for Madhya
Pradesh, Chhattisgarh, Gujarat, Rajasthan, etc.

DBW 173

Itis evolved via way of means of ICAR-Indian Institute of Wheat & Barley Research, Karnal launched
in 2018. It is wealthy in protein (12.5%) and iron (40.7 ppm) in assessment to 8%-10% protein
and 28. zero-32. zero ppm iron in famous varieties, having grain yield 47.2 q/ha, matured in 122
days, appropriate for past due sown irrigated situations in rabi season and endorsed for
cultivation in Punjab, Haryana, Delhi, Rajasthan and different states.

UAS 375

This wheat range is advanced via way of means of University of Agricultural Sciences, Dharwad
beneathneath ICAR-All India Coordinated Research Project on Wheat & Barley, launched in 2018,
wealthy in protein (13.8%) in contrast to 8%-10% in famous varieties. Produces 21. four q/ha
grain yield, matured in 103 days, appropriate for well-timed sown rainfed situations in rabi season
and encouraged for cultivation in Maharashtra and Karnataka

DDW 47

DDW 47 is advanced via way of means of ICAR-Indian Institute of Wheat & Barley Research, Karnal,
launched in 2020P. Variety wealthy in protein (12.7%) and iron (40.1 ppm) in contrast to 8%-10%
protein and 28. zero-32. zero ppm iron in famous varieties, having grain yield 37. three g/ha,
adulthood time 121 days, appropriate for well-timed sown limited irrigated situations in rabi
season and encouraged for cultivation in Madhya Pradesh, Gujarat, Rajasthan, and Chhattisgarh.

Karan
Vandana
(DBW 187):

Karan Vandana wheat range is evolved with the aid of using ICAR-Indian Institute of Wheat &
Barley Research, Karnal and launched in 2018 and 2020. It is wealthy in iron (43.1 ppm) in contrast
to 28. zero-32. zero ppm in famous varieties, having grain yield 48. eight q/ha in Northeastern
Plains Zone (NEPZ), 61. three q/ha in Northwestern Plains Zone (NWPZ) and 75. five q/ha in
excessive fertility situations. Variety in matured in one hundred twenty days (NEPZ), 146 days
(NWPZ) and 158 days (Highfertility) situations.

WB 02

WB 02 wheat range is advanced through ICAR-Indian Institute of Wheat & Barley Research, Karnal
that’s launched in 2017. It is wealthy in iron (40. zero ppm) and zinc (42. zero ppm) in contrast to
28. zero-32. zero ppm iron and 30. zero-32. zero ppm zinc in famous varieties. The grain yield of
this range is 51.6 q/ha, matured in142 days, appropriate for irrigated well timed sown situations
in rabi and endorsed for cultivation in Punjab, Haryana, Delhi, Rajasthan, Western Uttar Pradesh
and oter states.

HPBW 1

HPBW 1 wheat range is evolved with the aid of using Punjab Agricultural University, Ludhiana
beneathneath ICAR-All India Coordinated Research Project on Wheat & Barley that is launched in
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2017. It is wealthy in iron (40. zero ppm) and zinc (40.6 ppm) in contrast to 28. zero-32. zero ppm
iron and 30. zero-32. zero ppm zinc in famous varieties. This range yielded 51.7 q/ha, matured in
141 days, appropriate for irrigated well timed sown situations and endorsed for cultivation in
Punjab, Haryana, Delhi, Rajasthan, and different states of the country.

Pusa Tejas (HI
8759):

Pusa Tejas wheat range is likewise referred to as HI 8759 durum wheat, evolved with the aid of
using ICAR-Indian Agricultural Research Institute, Regional Station, Indore and launched in 2017.
It is wealthy in protein (12. zero%), iron (41.1 ppm) and zinc (42. eight ppm) in contrast to 8%-
10% protein, 28. zero-32. zero ppm iron and 30. zero-32. zero ppm zinc in famous varieties. Its
yield is 57. zero q/ha, matured is 117 days, appropriate for irrigated well timed sown situations in
rabi and endorsed for its cultivation in Madhya Pradesh, Chhattisgarh, Gujarat, Rajasthan, and Uttar
Pradesh.

Pusa Ujala (HI
1605)

Pusa Ujala wheat range is evolved with the aid of using ICAR-Indian Agricultural Research Institute,
Regional Station, Indore that is launched in 2017. It is wealthy in protein (13. zero%) and iron (43.
zero ppm) in contrast to 8%-10% protein and 28. zero-32. zero ppm iron in famous varieties,
having grain yield 30. zero q/ha, adulthood time one zero five days, appropriate for well-timed
sown constrained irrigated situations in rabi season and endorsed for cultivation in Maharashtra
and Karnataka

HD 3171

HD 3171 wheat range is evolved with the aid of using ICAR-Indian Agricultural Research Institute,
New Delhi and launched in 2017. This is wealthy in zinc (forty-seven.1 ppm) in contrast to 30. zero-
32. zero ppm in famous varieties. The grain yield of this range is 28. zero q/ha, adulthood time is
122 days, appropriate for well-timed sown rainfed situations in rabi and endorsed for cultivation
in Eastern Uttar Pradesh, Bihar, Jharkhand, Odisha, West Bengal, Assam, and plains of Northeastern
States

HI 8777

HI 8777 is durum wheat evolved with the aid of using ICAR-Indian Agricultural Research Institute,
Regional Station, Indore and launched in 2018. It is wealthy in iron (48.7 ppm) and zinc (43.6 ppm)
in contrast to 28. zero-32. zero ppm iron and 30. zero-32. zero ppm zinc in famous varieties. The
grain yield of this range is 18. five q/ha, maturated in 108 days, appropriate for well-timed sown
rain-fed situations in rabi season and endorsed for its cultivation in Maharashtra, Karnataka, and
plains of Tamil Nadu.

MACS 4028

MACS 4028 is a durum wheat evolved with the aid of using Agharkar Research Institute, Pune
beneathneath ICAR-All India Coordinated Research Project on Wheat & Barley and launched in
2018. It is wealthy in protein (14.7%), iron (46.1 ppm) and zinc (40. three ppm) in contrast to 8%-
10% protein, 28. zero-32. zero ppm iron and 30. zero-32. zero ppm zinc in famous varieties. It
offers grain yield of 19. three q/ha, maturated in 102 days, appropriate for rainfed, low fertility,
well timed sown situations in rabi and endorsed for cultivation in Maharashtra and Karnataka

PBW 752

PBW 752 wheat range is evolved with the aid of using Punjab Agricultural University, Ludhiana
beneathneath ICAR-All India Coordinated Research Project on Wheat & Barley and launched in
2018. It is wealthy in protein (12. four%) in contrast to 8%-10% in famous varieties, having grain
yield 49.7 q/ha, matured in one hundred twenty days, appropriate for overdue sown irrigated
situations in rabi season and endorsed to domesticate for Punjab, Haryana, Delhi, Rajasthan, and
different states.

PB 757:

It is evolved with the aid of using Punjab Agricultural University, Ludhiana beneathneath ICAR-All
India Coordinated Research Project on Wheat & Barley and launched in 2018. Contains excessive
zinc (42. three ppm) in contrast to 30. zero-32. zero ppm zinc in famous varieties. The yield of this
range is 36.7 q/ha, adulthood time is 104 days, appropriate for extremely overdue sown irrigated
situations in rabi season and endorsed for cultivation in Punjab, Haryana, Delhi, Rajasthan, and
different states.

DBW 303:

ICAR-Indian Institute of Wheat & Barley Research, Karnal is the developer of DBW 303, which is
scheduled for delivery in 2020. Protein content is high (12.1%) compared to typical types' 8%-
10% protein. This variety yields 81.2 q/ha of grain and matures in 156 days. It is suitable for early
sowing under irrigation and grows well in high fertility conditions during Rabi. Punjab, Haryana,
Delhi, Rajasthan, and other states are advised to cultivate it.

HI 1633:

This was created in 2020 at the Indore Regional Station of the Indian Agricultural Research Institute
(ICAR). It is higher in protein (12.4%), iron (41.6 ppm), and zinc (41.1 ppm) than common
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variations, which have lower protein levels (8%-10%), iron levels (28.0-32.0 ppm), and zinc levels
(30.0-32.0 ppm). This variety is ideal for late-sown, irrigation conditions and is recommended for
cultivation in Maharashtra, Karnataka, and the plains of Tamil Nadu. It matures in 100 days and
yields 41.7 q/ha of grain.

HD 3,298: Developed in 2020 by the Indian Agricultural Research Institute (ICAR) in New Delhi. It is rich in
iron (43.1 ppm) and protein (12.1%) compared to popular varieties that have 8%-10% protein and
28.0-32.0 ppm iron. It matures in 103 days, is suitable for very late sowing under irrigation, and is
advised for cultivation in Punjab, Haryana, Delhi, Rajasthan, and other states.

MACS 4,058: Agharkar Research Institute, Pune is the developer of this durum wheat, which will be made
available in 2020 as part of the ICAR-All India Coordinated Research Project on Wheat & Barley. It
is rich in protein (14.7%), iron (39.5 ppm), and zinc (37.8 ppm) compared to popular varieties that
have 8%-10% protein, 28.0-32.0 ppm iron, and 30.0-32.0 ppm zinc. It matures in 102 days and is
suitable for timely sowing under restricted irrigation during the Rabi season. Maharashtra and
Karnataka are recommended to cultivate it.

HD 3,249: This variety was created in 2020 and distributed by the Indian Agricultural Research Institute
(ICAR), located in New Delhi. Compared to typical kinds that have 28.0-32.0 ppm of iron, this
variety has 42.5 ppm of iron. It is advised for cultivation in Eastern Uttar Pradesh, Bihar, Jharkhand,
and Odisha. It ripened in 122 days.

HI 8,805: The 2020 release of HI 8,805 (durum wheat) is the result of research conducted by ICAR-Indian
Agricultural Research Institute, Regional Station, Indore. It is higher in iron (40.4 ppm) and protein
(12.8%) than typical cultivars, which have 28.0-32.0 ppm iron and 8%-10% protein. It is suitable
for timely sowing in rainfed circumstances and has a grain yield of 30.4 q/ha. It matures in 105
days and is advised for cultivation in the plains of Tamil Nadu, Maharashtra, and Karnataka.

HI 8,8052 Its grain yield is 29.1 q/ha, matures in 109 days, and is suitable for timely sowing in rain-fed
environments. It is also recommended for cultivation in Karnataka.

2.3. Harnessing the Key Technologies Applied to Crop Bio-Fortification

Reports imply that extra than 820 million human beings withinside the international are hungry and billion human
beings are affected by micronutrient deficiencies (57,58). Most of the crop flowers can gather micronutrients; however,
a few essential flowers lack the good enough quantities of such vitamins viz., Fe and Zn withinside the fit to be eaten
elements (59), for instance, fundamental/staple vegetation which includes wheat, rice and maize incorporate low
quantities of Fe and Zn (60). In the latest studies, it's far strongly said that micronutrient deficiencies boom
susceptibility to many infectious diseases, which includes Covid-19 (61). Therefore, extra interest has been made to
beautify such important vitamins withinside the crop flowers through bio-fortification, Figure 2 indicates it's a
beneficial method to fight micronutrient deficiency. Different beneficial processes of bio-fortification are getting used
to enhance the dietary cost of flowers, to triumph over dietary the troubles supplied in Figure 3, and additionally defined
with the aid of using (62), with an observation that bio-fortification is a cost- powerful and sustainable agricultural
method for growing the bioavailability of crucial elements/ vitamins withinside the fit to be eaten elements of flowers
and lowering malnutrition. Further, they have got additionally talked about that genetic bio-fortification primarily
based totally on genetic engineering which includes growing or manipulating the expression of genes that have an effect
on the law of steel homeostasis and provider proteins that serve to boom the micronutrient contents and extra
productiveness thru CRISPR-Cas9 (bacterial Clustered Regularly Interspaced Short Palindromic Repeats) generation
may be taken into consideration as a promising high- ability method or current and really superior GM generation for
fixing the micronutrient deficiency hassle and this method changed into mentioned for the primary time with the aid of
using (63) editing the germ line cells, Crispr-cas generation has the ability to expand transgenics without concerning
transformation and tissue way of life flowers (64). (65) said that, throughout the globe, new genetic amendment
methods (nGMs) processes, specifically genome editing, are utilized in fundamental and implemented studies. In
parallel to conventional genetically changed generation a huge variety of nGM strategies are being advanced for the
(genetic) amendment of organisms, which includes flowers, for studies functions or for the improvement of vegetation
for agricultural functions. These nGMs also are noted as “new strategies” or “new breeding strategies” for enhancing
centered traits (66).
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¢ Marker-assisted breeding
¢ Backerossing
* Clonal propagation

*  Knock-in and knock-out
of desirable membrane
transportar genes

¢ Overexpression analysis
of Zn and Fe transporters in the
aleurone layer of zrains

Biofortification

= Mineral fertilizer

= Foliar fertilization
*  Growth hormones
*  Mlcroorganism

Figure 2 Schematic diagram of Biofortification strategies for micronutrient enhancement of food crops

Contribution to the correction of a
demonstrated micronutrient

Figure 3 Schematic diagram of Biofortification for enhancing nutritional outcome

3. Conclusions

Wheat is taken into consideration one of the maximum economically essential cereal vegetation withinside the world.
Its productiveness is excessive, however growing intake and converting weather shows the want for in addition
development in its yield potential. Climate alternate is predicted to preserve posing biotic/abiotic stresses, and if
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present day developments preserve, many elements of the planet turn into antagonistic to agriculture. On the opposite
hand, due to the unexpectedly developing populace and the converting weather, call for wheat is predicted to develop
quicker than the opposite predominant vegetation. Therefore, investments in exploring and harnessing current
genetic assets which include bio-fortified wheat and facts concerning the position of cytokinins beneathneath every
day and detrimental situations for growing the yield, grains containing sufficient vitamins and having a enough
protection response, effect of morphological markers viz., live inexperienced tendencies, leaf tip necrosis, leaf attitude
molecular markers, and different beneficial genetic facts if you want to produce sufficient meals grains which might
be additionally wealthy withinside the required vitamins to make sure meals protection withinside the twenty first
century is the want of the day.

Since cytokinins are the maximum essential endogenous materials moderating the physiological and molecular
responses, thay have a key position at some point of of of entirety of the lifestyles cycle of flora if you want to deliver a
best yield. So, plant breeders should without delay goal the cytokinins to enhance centered tendencies with the aid of
using utilising minimal input, as cytokinins are acknowledged to be a key motive force of seed yield and it is able to
properly be the hormone that underpins the second one inexperienced revolution. The Green Revolution boosted crop
yields at some point of the mid twentieth century with the aid of using introducing dwarf genotypes of wheat able to
respond to a better dose of fertilization and sufficient irrigation without lodging. Now there’s a want of a 2nd Green
Revolution to fulfill out the call for of a unexpectedly developing populace. The Green Revolution became primarily
based totally on vegetation conscious of excessive soil fertility however, now there’s wanting to broaden the genotypes
of wheat vegetation that could carry out higher beneathneath low input, low soil fertility, beneathneath harassed
situations which include heat, terminal heat, drought, steel toxicity, and beneathneath biotic stresses as properly. By
preserving the above statistics in mind, exploring genetic assets, harnessing the cytokinin key hormones, and making
use of up-to-date molecular breeding approaches, plant breeders can broaden the advanced and solid genotypes so one
can be capable of cater to the meals call for of the needy population.

List of Abbreviations

e Cytokinin: CK, Zinc: Zn, Sulfur: S, Iron: Fe, Nitrogen: N, Potassium: P, Chlorine: Cl
e (Cytokinin oxide/dehydrogenase: CKX.
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