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The appropriate drug would save lives,
that helps for others won
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' but it is really conceivable that perhaps the prescription
t work in someone and will have adverse effects on other individuals.

Pharmacogenomics is the new science of diverse genomic unders

the body responses. Few individual xenobiotic metab

which can lead to serious adverse effects,
i.e., the medication can be boon for some

_ tanding and impact of drugs on
olisms disintegrate medications gradually,

while others' bodies disintegrate medications rapidly.
people whereas same medication can become curse for

many people which can be life threatening. Pharmacogenomics research may detect changes for
certain gene analysis of the available to the body’s natural metabolic enzyn'ies in response

to specific medications, and physicians can use this data to evaluate genetic profile and forecast -
if a prescription will benefit or damage before drug consumption. "The correct medication, at the
correct dosage level, for the particular individual". Blood associated high pressure was
previously classified as >140mmhg and >30mmhg in the United States, but current guidelines
have modified the value to 130-80mmhg in order to better control and prevent hypertension. hcu.
rate should be between 72beats/min. Blood pressure is only deemed excessively low in practise if
it causes symptoms. Hypertension has no symptoms of its own, but it destroys blood vessels
over time. Such fundamental pathological conditions can also be corrected by
pharmacogenomics understanding. Hypertension is also known as silent killer. For treatment of
hypertension antihypertensive drugs are used like-vasodilators, diuretics and drugs that

decreases cardiac output.

These drugs are commonly used but, in some cases, they
may become harmful for the person who is going through
this medication so in this case pharmacogenomics of
antihypertensive drugs are used.

There are a variety of useful medication adherence
classes, including anti - hypertensive drugs, ACE
inhibitors, Betablockers, and calcium channel blockers.
Despite multiple effective medication classes and
numerous medicines into each class, high blood pressure
(BP) management rates are poor. According to estimates,
only around thirty-five of hypertensive individuals have
both diastolicand systolic blood pressure management
(Thoenes M.et. al.,2009), with same counts from United
States (Chobanian AV et. al.2003) and other countries
(Mori H et. al.2006).

This loss of blood pressure management is not due to a
lack of medication; according to one research, around thirty
percent of medicated hypertensives use one hypertension
medicine, forty percent take two fludrocortisone, and thirty
percent take three or even more fludrocortisones
(Rodriguez-Roca GC et. al. 2009). The findings show that
the present trial-and-error methodology to bp therapy is
ineffective, and that new methods for determining the best

hypertensive strategy for a given individual are required.
The genomic data, or functional genomics, application is o
determine the best appropriate medicine for specific paticpt
is major way for individualizing hypertension treatmen;.

Considering the high health costs of hypertension an.
the low rates of blood pressure management, hyp. - :on
pharmacodynamics has a lot of promise. Epigt 18
concerned with genes, transcriptomes, and proteins. It
have ability to improve patient care by enhancing illness
detection and adopting patient-specific  therapies.
Molecular genetic pharmacogenetics was formerly
centered on clinical studies. It is presently being expanded
by applying genome-wide techniques to clarify the
hereditary basis of variances in medication responsiveness
across people. :

Classification of anti-hypertensive drugs

1. Diuretics
a. Thiazides: Hydrochloro thiazides
Chlorthalidone Indapamide
b. High ceiling: Furosemide
K+ sparing: Spironohctone
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2. Drugs that interfere with renin-angiotensin system

a.  ACE Inhibitors: Captopril
Enalapril Lisinopril

b. “Angiotensin (ATI receptor) blockers: Lasartan,
valsotran

¢.  Direct renin inhibitor: Aliskinen

3. Drugs that decrease peripheral resistance / cardiac
output vasodilators

a.  Calcium channel blockers: }\mlodipine
Nifedipine

b. Arteriolar vasodilators: Hydralazine
Minoxidial

¢.  Arteoriolar + vexous: Sodium Nitroprusside

4. Sympatholytics

a.  Central sympatholytics: Clonidine

Methyldopa

b. Alpha adregenic blockers: Prazosin
Terazosin

c¢.  Beta adregenic blockers: Alenolol
Metoprolol

d.  Alpha beta blockers: Carredilol

Diuretics as antihypertensives

1. Thiazide diuretics
Inhibit Na+ - Cl- cotransporter in distal convoluted
tubule causing Natriuesis

2. Loop diuretics
Inhibit Na+ -K+-2Cl- cotransporter in loop of Henle
causing Natriuesis

Inhibitors of renin angiotensin system as
antihypertensives

I. ACE Inhibitors
Block conversion of Agl
vasoconstrictor
ATI receptor blockers
They competitively block angiotensin2, AT receptor
3. Direct renin inhibitor
They inhibit renin and competitively blocks access of
angiotensinogen to renin

to Ag2, a potent

2

Drugs that decrease peripheral resistance / cardiac
output

Vasodilators

1. Calcium thannel blockers
They inhibit L- type Ca2+ channels of vascular smooth
muscles

2. Arteriolar vasodilators
They decreases peripheral resistance and generally
preferred during pregnancy.

3. Arteriolar + vexous
They act very rapidly i.e., within seconds and reduce
peripheral resistance and cardiac output.
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Sympatholytics as antihypertensives

I. Central sympatholytics -

They stimulate presynaptic Alpha2 receptors in brain

stem and reduce sympathetic outflow
2. Alpha adrenergic blockers

They are Alphal blockers andalso used in vasodilation.

They reduce peripheral resistance.

3. Beta adrenergic blockers

They blocks betal receptors on heart which decreases

cardiac output and also inhibit betal receptors on

kidneys.
4. Alpha- beta blockers

They blocks betal+ beta2 and Alphal receptors which

decreases cardiac output, renin and peripheral

resistance,

Throughout decades of study and tens of billions in
funding, hypertensive continues to be a major public health
issue. Only individual gene Mendelian hypertension
disorders can be explained by disease genetics, and this has
a minor influence onillness burden. However, more
efficient treatment of hypertension individuals is urgently
required. (Mellenet. al. 2005) discuss the present = « of
pharmacogenetics research of medication adlic: nce
responses. More than 100 medications are now available to
address the hypertension pandemic (Mc Leodet al. 2001),
and scientific proof prescribing recommendations were
developed [ESH er al. 2003). Among hypertensive
individuals get their blood pressure reduced to acceptable
standards [Mancia G er al. 1997), leaving the majority with
insufficient blood pressure and an elevated risk
complications. The fact that efficiency scores aren't greater
is due, in part, to the variability of antihypertensive
medication responses and a range of terrible side effects
that lead to considerable patients resistance (Carreteto OA
et. al. 2000),

Present scenario of antihypertensive drugs .

In present scenario this technique is being used so 15 the
proper medication can be provided to the people which will
turn into boon for them, and treatment can be provided at
the right time for betterment.

This technique is still not used very often as it is very
costly and moreover entire genome sequence of
homosapiens is still unknown, so it becomes difficult for
doctors to examine properly.

Many drugs are available in the market of hypertension
for the treatment which can be used by hypertension
patients. As hypertension is a life threatening disease which
has become very common now a days so before going for
any medication try to have a proper diet and properly taking
care of your body can help you in getting over this
medication but if it is becoming problem for you [+ '1,you
must go for a proper medication prescribed by yov - tor
and if your doctor knows about your health history and your
genetic makeup then it would become easier for the doctor
to help you out for proper treatment and you will become
heathier very soon.
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2. Drugs that interfere with renin-angiotensin system
4. ACE Inhibitors: Captopril
Enalapril Lisinopril
b. Angiotensin (ATI receptor) blockers: Lasartan,
valsotran
¢.  Direct renin inhibitor: Aliskinen

3. Drugs that decrease peripheral resistance / cardiac
output vasodilators

a.  Calcium channel blockers: Amlodipine
Nifedipine

b.  Arteriolar vasodilators: Hydralazine
Minoxidial .

¢.  Arteoriolar + vexous: Sodium Nitroprusside

4. Sympatholytics

a.  Central sympatholytics: Clonidine

Methyldopa

b. Alpha adregenic blockers: Prazosin
Terazosin

c. Beta adregenic blockers: Alenolol
Metoprolol

d. Alpha beta blockers: Carredilol

Diuretics as antihypertensives

I. Thiazide diuretics
Inhibit Na+ - Cl- cotransporter in distal convoluted
tubule causing Natriuesis

2. Loop diuretics
Inhibit Na+ -K+-2Cl- cotransporter in loop of Henle
causing Natriuesis

Inhibitors of renin angiotensin system as
antihypertensives

1. ACE Inhibitors
Block conversion of Agl
vasoconstrictor
AT1 receptor blockers
They competitively block angiotensin2, AT receptor
3. Direct renin inhibitor
They inhibit renin and competitively blocks access of
angiotensinogen to renin

to Ag2, a potent
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Sympatholytics as antihypertensives

1. Central sympatholytics

They stimulate presynaptic Alpha2 receptors in brain

stem and reduce sympathetic outflow
2. Alpha adrenergic blockers

They are Alphal blockers andalso used in vasoi ion.

They reduce peripheral resistance.

3. Beta adrenergic blockers

They blocks betal receptors on heart which decreases

cardiac output and also inhibit betal receptors on

kidneys.
4. Alpha- beta blockers

They blocks betal+ beta2 and Alphal receptors which

decreases cardiac output, renin and peripheral

resistance.

Throughout decades of study and tens of billions in
funding, hypertensive continues to be a major public health
issue. Only individual gene Mendelian hypertension
disorders can be explained by disease genetics, and this has
a minor influence on illness burden. Howeve . -ore
efficient treatment of hypertension individuals is wig atly
required. (Mellenet. al. 2005) discuss the present state of
pharmacogenetics research of medication adherence
responses. More than 100 medications are now available to
address the hypertension pandemic (Mc Leodet al. 2001),
and scientific proof prescribing recommendations were
developed [ESH er al 2003]. Among hypertensive
individuals get their blood pressure reduced to acceptable
standards [Mancia G et al. 1997), leaving the majority with
insufficient blood pressure and an elevated risk
complications. The fact that efficiency scores aren't greater
is due, in part, to the variability of antihypertensive
medication responses and a-range of terrible side effects
that lead to considerable patients resistance (Carrcictq!OA
et. al. 2000). -lp
Present scenario of antihypertensive drugs
In present scenario this technique is being used so that the
proper medication can be provided to the people which will
turn into boon for them, and treatment can be provided at
the right time for betterment.

This technique is still not used very often as it is very
costly and moreover entire genome sequence of
homosapiens is still unknown, so it becomes difficult for
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I. Calciurm channel b'h!ckers .
They inhibit L- type'Ca2+ channels of vascular smooth
muscles '

2. Arteriolar vasodilators
They decreases peripheral resistance and generally
preferred during pregnancy. )

3. Arteriolar + vexous
They act very rapidly i.e., within seconds and reduce
peripheral resistance and cardiac output.

Many drugs are available in the market of hypertension
for the treatment which can be used by hypertension

_ patients. As hypertension is a life threatening disease which

has become very common now a days so before going for
any medication try to have a proper diet and proper’. ing
care of your body can help you in getting ¢ .his
medication but if it is becoming problem for you then you
must go for a proper medication prescribed by your doctor
and if your doctor knows abotit your health history and your
genetic makeup then it would become easier for the doctor
to help you out for proper treatment and you will become
heathier very soon.
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Future of pharmacogenomics of antihypertensive
drugs

As we know clearly that genetic makeup of humans is
still not known fully so there may be some other
aspects that may be the reason of hypertension in human
beings. And one of the most important reason for
continuous increase in hypertension patients is  the
changing lifestyle which is creating problem in the
metabolism,

Pharmacogenomics is seen as the most important
aspect in the field of medication for the welfare of
public. Many different drugs are available in the market
which are specially designed with the aid of
pharmacogenomics so that it does not cause any harm to the
person who is in the medication prescribed by doctor, and
it will also help to design more of the medicines for
different people who may possess different type of allergies
with a particular type of medication (Akhtar N ef al., 2021,
Jain P eral,, 2021).

So, in the coming time the demand for
pharmacogenomics will increase more rapidly and human
body can be known a little more and many different type of
genes and their functions can be identified.

Hence, it can easily be said that pharmacogenomics is
the future.

Conclusion

Here we conclude that hypertension is increasing rapidly
with time and the main reason for this is changing lifestyle
due to which hypertension can be life threatening and it has
become the reason for increase in death rate. So, oné must
take care of their health properly as “health is wealth”.

It has been observed that al] types of medication does
not work for all types of people as their genetic makeup is
different from each other. This is the reason
pharmacogenomics came into existence so that genetic
makeup of the patient can be known and according to that
proper medication should be given.

Different types of medication for hypertension are
available like diuretics, vasodilators ete. but it is not
necessary that they all will be beneficial for different
patient's so after knowing the genetic makeup of the patient
it will become easier for doctors to treat the patient with
right medication.

Hence in  the coming time demand of
pharmacogenomics will increase mere rapidly not just for
hypertension but for all the diseases.
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An enormous portion of nutrient

environmental footprint. In many situations,

blanket fertilizer application resulted in under-
fertilization, while in others, it resulted in over-fertilization. Near the Indo Gangetic Plains (IGF P

(crop residue) is taken out from soil on account of its competitive
use and considerably less residue returning to soil leadin

crop productivity, poor economic return and low nutrient

g to negative balance, prompts lower
use efficiency prompting large

L,

farming communities frequently apply greater doses of nutrients, particularly nitrogen (N) ana
phosphorus (P), but largely ignore the optimal dosages of potassium and other secondary and
micronutrients. Such unbalanced and insufficient nutrient use can reduce nutrient use efficiency
and profitability, as well as increasing environmental risks connected with nutrient loss through
emission or leaching. Decision support tools (DST) are being utilized increasingly to help farmers
implement better fertilizer management methods in their crops. Nutrient Expert for Wheat and
Maize, a recently developed DST, integrated on-farm research data into a simple delivery system
that allows growers to quickly adopt nutrient management site specific for their own fields. The
decision support tool was created in 2010-11 as a simple, interactive computer-based tool that can
quickly offer nutrient recommendations for farmers' fields, independent of weather with no soil
testing required. This tool is useful in determining the nutrient balance replenished in the
cropping system based on fertilizer/manure and yield provided in the previous harvest, as well as
measure the attainable yield for any field based on growing conditions. These were all combined
to provide a location-specific nutrient prescription for cereals by estimating expected N, P, an
potassium (K) responses in the concerned field. Nutrient Expert has the ability to move the fo .1+
away from conventional agriculture and toward farming that is more sustainable, efficient, and

productive.

Introduction

The present world population of 7.6 billion people will
increase to 8.6 billion in 2030, 9.8 billion in 2050, and 11.2
billion in 2100, according to the United Nations (2017).
With roughly 83 million individuals added to the world's
population each year, the population growth trend is
anticipated to continue. [1]. Global cereal consumption is
anticipated to reach 2811 million tonnes in 2021/22, up 2.7
million tonnes from September and 49 million tonnes
(1.8%) more than in 2020/21 and marking a new record
high [2]. This rising demand for cereals to feed the world's
population will be fulfilled not just by expanding cultivated
land but also by intensifying output, particularly of rice,
wheat, and maize. Extra efforts have to be made to get
higher output per unit area with land as a limiting factor.
Productivity enhancement is required particularly in the
part of the world basically dominated by the small holding
farming systems compared to the large holding farming
system. The challenge in global as well as regional aspect
for increasing production is food security as there is a need

to produce more from much lesser area because of the other
competitive use of land. Several other challenges include
the declining productivity of the land, nutrient acquisition
by more efficient cultivars which tend to decrease the
nutrient reserve of the soil and deplete native soil fertility.
Considering the frontier practice for better productivity,
adequate plant nutrition is a key in increasing the crop yield,
closing the yield gaps and attaining sustainable
intensification.

By combining and harmonizing the use of “rnic,
mineral, and biofertilizer nutrient resources to 120~ the
concurrent needs of food production, economic,
environmental, and social viability, an integrated plant
nutrition system (IPNS) or integrated nutrient management
(INM) is allowing better adaptation of soil fertility
management and plant nutrition to site characteristics in
farming systems. [3]. So, it's necessary to have a scientific
based fertilizer recommendation as fertilizer application
practice in smallholding agriculture is often sub-optimal and
unbalanced. The soil fertility varies over short distances and
yields are generally low even with high chPping intensities.
o(c’\
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Fate of nitrogen
Nitrogen in plants

The availability and uptake of macro and micronutrients in
the soil determine the plant's nutrition. Nitrogen (N) is a
significant mineral element utilized in agricultural
fertilization and is important for the development of leaf area.
Because there are more and larger leaves, N helps to
promote leaf area (AF) and leaf area index (LAI). It
enhances the green color of the leaves and is a constituent of
vital biological components such as amino acids, proteins,
and nucleic acids. It also regulates P, K and other nutrients,
enhances crop succulence, and prontotes photosynthesis by
raising chlorophyll levels in the plant. N shortage results in
weak stems and excessive dosages. As a result of the lush
foliage and succulents, ideal circumstances for the
development of many illnesses exist [4].

Issue with conventional mode of nitrogen application

Blanket application is a commercial practice that involves
fertilizer application doses at specific growth stages at
predetermined times.

There is a risk of over and under fertilization when
using nitrogen,

Nitrogen has low nutrient use efficiency. There is an
increase in cost of cultivation.

By matching fertilizer application time to plant need,
the real-time nitrogen management strategy can assist boost
nitrogen use efficiency.

Nutrient toxicity

In 2018-19, the average per hectare fertilizer use (N+P+K)
in India was 133.1 kg/ha [5]. Imbalanced and insufficient
nutrient usage can reduce nutrient use efficiency and
profitability while also increasing environmental concerns
from unutilized nutrient loss through emission or leaching.
So, what is the solution? :

Smart agriculture

The use of technologies such as the Internet of Things,
sensors, positioning systems, robots, and artificial
intelligence on your farm is referred to as smart agriculture.
The ultimate goal is to improve crop quality and quantity
while reducing the amount of human work required.
Precision irrigation and plant nutrition, greenhouse climate
management and control, sensor software platforms,
location systems such as GPS and satellites,
communication systems, robots, analytics and optimization
platforms are all examples of smart agriculture
technologies.

Site specific nutrient management.

Site specific nutrient management (SSNM) is the process
of applying nutrients to the soil through time and
space in order to fit the needs of crops through four key
principles known as “4 R”. The four key principles or 4R's
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Em]: Right product, Right rate, Right time and Right place
6).

Site-specific nutrient management (SSNM) is 2 low-
tech, plant-needs-based technique for efficiently
supplying N, P and K. It allows farmers to dynamically
adjust fertilizer use to bridge the gap between high-yielding
crops' nutrient needs and nutrient supply from natural
indigenous sources like soil, manures, crop wastes and
irrigation water etc. The purpose of the SSNM technique is
to apply nutrients at the right rates and at the right times in
order to increase rice yields and crop nutrient efficiency. It
does not have a defined goal of reducing or increasing
fertilizer use. It is based on scientific ideas that have been
developed over the course of nearly a decade of " v -farm
study in Asia [7].

Nutrient expert decision support tool

The International Plant Nutrition Institute, in association
with CIMMYT and other national agricultural research and
extension organizations, created Nutrient Expert software
to provide fertilizer recommendations to farmers in the
absence of soil testing. It is a computerized decision
supporting tool that facilitates farmers in recommending
fertilizers using the principle of 4Rs of nutrient stewardship
and site specific nutrient management into a fertilizer
recommendation. Nutrient Expert has versions for both PCs
and Android devices (e.g., tablet, smartphone). NE
considers the most essential aspects that influence ywtrient
management recommendations and employs a meiho ical
approach to data collection, which is critical for creating a
location-specific recommendation. However, unlike many
complex nutrient decision assistance programmes, NE does
not require a lot of data or highly precise information,
which could overwhelm the user. NE combines all of the
different stages and principles of SSNM into a user-friendly
programme aimed at agricultural advisers, particularly non-
technical users like extension agents and industrial
agronomists of developing countries. Many governmental
and corporate agricultural advisors lack the infrastructure
and data needed to conduct complicated models. Users caa
get the information required from their indigenous
experience, local farmers' knowledge, and agricultural
practices using NE. NE not only sufficien'* psc
experimental data, but also use existing site know'e7 2 to
estimate proper SSNM values. Nutrient omission studies in
farmers' fields are routinely used in determining SSNM
principles. NE allows farm consultants to generate fertilizer
recommendations for a specific site without having to rely
on field trial data because parameters may be approximated
using proxy data. [8]

It is a global project of IPNI participated by IPNI
programs in Asia and Africa and their local partners. The
development of NE started from Maize in South East Asia
and expanded to other geographic regions and crops. At
present, there are 14 field validated versions and 3 versions
under field validation covering a total of 15 countries. The
major NE are NE-Maize, NE-Wheat and NE-Ric_?ﬁll has
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Fate of nitrogen
Nitrogen in plants

The availability and uptake of macro and micronutrients in
the soil determine the plant's nutrition. Nitrogen (N) is a
significant mineral element utilized in agricultural
fertilization and is important for the development of leaf area,
Because there are more and larger leaves, N helps to
promote leaf area (AF) and leaf area index (LAT). It
enhances the green color of the leaves and is a constituent of
vital biological components such as amino acids, proteins,
and nucleic acids. It also regulates P; K and other nutrients,
enhances crop succulence, and promotes photosynthesis by
raising chlorophyll levels in the plant. N shortage results in
weak stems and excessive dosages. As a result of the lush
foliage and succulents, ideal circumstances for the
development of many illnesses exist [4].

Issue with conventional mode of nitrogen application

Blanket application is a commercial practice that involves
fertilizer application doses at specific growth stages at
predetermined times.

There is a risk of over and under fertilization when
using nitrogen. ’

Nitrogen has low nutrient use efficiency. There is an
increase in cost of cultivation.

By matching fertilizer application time to plant need,
the real-time nitrogen management strategy can assist boost
nitrogen use efficiency.

Nutrient toxicity

In 2018-19, the average per hectare fertilizer use (N+P+K)
in India was 133.1 kg/ha [5]. Imbalanced and insufficient
nutrient usage can reduce nutrient use efficiency and
profitability while also increasing environmental concerns
from unutilized nutrient loss through emission or leaching.
So, what is the solution?

Smart agriculture

The use of technologies such as the Internet of Things,
sensors, positioning systems, robots, and artificial
intelligence on your farm is referred to as smart agriculture,
The ultimate goal is to improve crop quality and quantity
while reducing the amount of human work required.
Precision irrigation and plant nutrition, greenhouse climate
management and control, sensor software platforms,
location systems such as GPS and satellites,
communication systems, robots, analytics and optimization
platforms are all examples of smart agriculture
technologies.

Site specific nutrient management

Site specific nutrient management (SSNM) is the process
of applying nutrients to the soil through time and
space in order to fit the needs of crops through four key
principles known as “4 R”. The four key principles or 4R's
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Eir? Right product, Right rate, Right time and Right place
6].

Site-specific nutrient management (SSNM) is a low-
tech, plant-needs-based technique for eﬁicie-ntly
supplying N, P and K. It allows farmers to dynamically
adjust fertilizer use to bridge the gap between high-yielding
crops' nutrient needs and nutrient supply from natural
indigenous sources like soil, manures, crop wastes and
irrigation water etc. The purpose of the SSNM technique is
to apply nutrients at the right rates and at the right times in
order to increase rice yields and crop nutrient efficiency. It
does not have a defined goal of reducing or in.i siing
fertilizer use. It is based on scientific ideas that have been
developed over the course of nearly a decade of on-farm
study in Asia [7].

Nutrient expert decision support tool

The International Plant Nutrition Institute, in association
with CIMMYT and other national agricultural research and
extension organizations, created Nutrient Expert software
to provide fertilizer recommendations to farmers in the
absence of soil testing, It is a computerized decision
supporting tool that facilitates farmers in recommending
fertilizers using the principle of 4Rs of nutrient stewardship
and site specific nutrient management into a fertilizer
recommendation. Nutrient Expert has versions for beth,PCs
and Android devices (e.g., tablet, smartphor=! -NE
considers the most essential aspects that influence nutrient
management recommendations and employs a methodical
approach to data collection, which is critical for creating a
location-specific recommendation. However, unlike many
complex nutrient decision assistance programmes, NE does
not require a lot of data or highly precise information,
which could overwhelm the user. NE combines all of the
different stages and principles of SSNM into a user-friendly
programme aimed at agricultural advisers, particularly non-
technical users like extension agents and industrial
agronomists of developing countries. Many governmental
and corporate agricultural advisors lack the infrastructure
and data needed to conduct complicated models. Users can
get the information required from their inc{ *nous
experience, local farmers' knowledge, and agric.!'ural
practices using NE. NE not only sufficiently use
experimental data, but also use existing site knowledge to
estimate proper SSNM values. Nutrient omission studies in
farmers' fields are routinely used in determining SSNM
principles. NE allows farm consultants to generate fertilizer
recommendations for a specific site without having to rely
on field trial data because parameters may be approximated
using proxy data. 8]

It is a global project of IPNI participated by IPNI
programs in Asia and Africa and their local partners. The
development of NE started from Maize in South East Asia
and expanded to other geographic regions and crops. At
present, there are 14 field validated versions and 3 y; rsions
under field validation covering a total of 15 countr <. The
major NE are NE-Maize, NE-Wheat and NE-Rice. .1 has
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been especially beneficial in situations where soil testing
infrastructure is lacking, expensive, or not available in a
timely manner for diverse cropping systems, Developing a
fertilizer recommendation is knowledge intensive as many
parameters are to be taken care of like which fertilizer to
apply, how much to apply, when to apply, how and where
to apply and what is the budget. NE helps to frame these
parameters within a system and provide advantageous
fertilizer recommendations. Different NE software can be
downloaded from the official IPNI website [9].

How to use NE: NE consists of 5 modules

* Current FFP & Yield module included questions
related to the current yield and fertilizer management
practice of the farmer.

* SSNM Rates module estimates expected yield
responses to NP and K and generates NPK
recommendations.

* Source and Splitting module generates  fertilizer
recommendation

¢ Profit Analysis module provides a gross profit analysis

9.

Nutrient
oy

b Ivwnan

Expert™ for Wheat

First time: user? Working I & new location? Make sure to have the ‘Settings’ right
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. rwaime et oot ke Iy i ey -
® Hewion o apph catias strategy Lot leilanrs (g source, right rate, 5 gt fime, A placel wd-
¥ conpare the wapectad nr ctisal bt of carmest s imprsred pretice

To start, cick 2 button

Current SSNM BN Sources & Profit
FFP & Yizld .. Splitting -

How can a farmer get a copy of the recommendation for
his field?

The recommendation and other outputs/reports can be
saved (html or PDF) and printed. It can be sent through
email, or a short version of the recommendation can be sent
as text message (from Android deviee).

Case study »

Improving wheat yield and farm profitability through
Nutrient Expert in Mewat (Haryana) :

In Mewat, Haryana the implementation of NE based
fertilizer recommendation was made on Wheat crop for two
consecutive seasons in 2012-13 and 2013-14. A total of 40
and 60 farmer’s field were used. The farmers belonged to
10 villages of the region. Fertilizer costs increased
considerably in the NE treatment compared to the FFP
treatment due to higher K application. Due to the enhanced
wheat yield of nearly 1.5 t/ha, the gross return over fertilizer
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cost (GRF) in the NE treatment was much higher than the
existing farmers' practice (17,247/ha). The overall results
reflected that NE recommendations can substantially
increase yields as well as profitability compared to existing
practices. NE's ability to create a field-specific fertilizer
prescription without soil testing is a big step toward giving
science-based fertilizer recommendations to a substantial
segment of smallholder farmers who lack acces: tr soil
testing. The findings revealed that boosting wheat yields in
Mewat's water-stressed region requires an appropriate and
balanced use of NPK. [10].

Table 1. Comparison of farmers' fertilizer practice (FFP) with Nutrient
Expert (NE) for wheat across all sites and years.

Parameter FFP NE NE-FFP
Grain yield (kg/ha) 3m 5,226 1,453

N (kg/ha) 117 123 6

P:0s (kg/ha) 54 62 8 :
K0 (kg/ha) 9 83 83

Cost of fertilizer (Rs/ha) 4911 10,190 57279 °

GRF (Rs/ha) 53,566 70,813 1‘.,;--: '

Results reflected that NE recommendations can
substantially increase yields as well as profitability
compared to existing practices [10].

Balanced fertilizer use through NE helps in improving
maize yield in Bihar

The performance of Nutrient Expert (NE) in Bihar State
was evaluated by comparing its results to the SR and FFP.
In 17 farmers' fields of five districts (Samastipur, Patna,
Begusarai, Jamui and Purnia) in 2011 and 2012, these on-
farm tests with winter maize looked at grain yield,
economic returns, and NPK fertilizer use. The size—f each
treatment plot was at least 100 m2. A consistent apliciion
of 120-60-40 kg N-P:0s-K:O/ha was used in the SR
treatment. Hybrid maize cultivars with yield potentials of
more than 5 t/ha were chosen by farmers. The seed rate was
chosen for all treatments to keep the planting density
between 65,000 and 85,000 plants per hectare. N
application ranged between 130 to 190 kg/ha, P:Os
application ranged between 44 to 64 kg/ha and K.O
application ranged between 55 to 105 kg/ha according to
guidelines of NE, with an average of 163-57-74 kg N-P20s-
K:O/ha. When NE was compared to FFP, the nutrient
application rate ranges narrowed. Grain yield and total
biomass output were considerably higher in NE-based
fertilizer recommendation plots. (Figure 1.1). The average
grain yields in the NE, SR, and FFP plots were 8, "’“"‘;ha.
demonstrating a 10 to 15% increase in maiz= -rain
production when using NE. This reflected that NE could
better handle variation in growing conditions in Bihar,
implying that it could be a viable technique for site-specific
fertilizer management. [11].
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Fig. 1. (a) Grain yield and Straw yield comparison between NE, SE and
FFP. (b) Average N, P205 and K20 applied in NE, SR and FFP [11]
Nutrient Expert enhances crop yields, increases farmer revenue, and
minimizes greenhouse gas cmissions.
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In agriculture, the key mitigation measures include
decreasing excess nutrient application and adopting
balanced fertilizer. In the Indo-Gangetic Plains (IGP) of
India, side-by-side comparison .tests with farmers'
fertilization practices (FFP) were conducted to evaluate
Nutrient Expert (NE) in rice and wheat crops. It was
discovered that using NE-based fertilizer management
rather of FFP can reduce GWP by about 2.5 percent in rice
and between 12 and 20% in wheat. Implementing the NE-
based fertilizer recommendation enhanced crop output and
farm revenue for more than 80% of the participating
farmers. There was also improvement in crop yield [12].

- : ' g i p
ons ; .
" | T { - {
P, .% o ~, (] L
i PF -1 11
{ — .2 o - 8
"
i. . 4 " b
. A e | i t i i
S U R N
=S —— - e— - ls‘- Lk J "

[ i
Fig. 2. Fertilizer cost (a) and revenue generated from yield (b) in rice and
wheat production under FFP and NE in the study arcas, and total global
warming potential (A) and emission intensity (B) from rice and production
of wheat under Farmers' Fertilizer Practice (FFP) and Nutrient Expert
(NE) in the study regions,
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Fig. 3. Nitrogen rate and grain yield from rice and wheat in the study arcas
under Nutrient Expert (NE) and Farmers' Fertilizer Practices (FFP).

Effect on grain yield, straw yield, biological yield and
harvest index in Pantnagar through different treatment

Balance fertilizer (NPK) application is very important for
proper growth and development of crop. Among precision
nitrogen management techniques, - Nutrient Expert has
shown potential to get more yields in wheat crop and gave

@@IAAM“

International Association of
Advanced Materials

www.iaamonline.org

statistically at par results in terms of grain yield and other
few yield parameters with 100% RDF [13]. '

© 2

=

Table 2. Grain yield, straw yield, biological yield, and harvest ini

‘vere

compared between different treatments and NE.
Treatment  Grain yield Straw yield Biological Harvest

(g/ha) (q/ha) vield (q/ha)  index (g/ha)
Absolute 245 46.6 71.1 344
control .
50%N 43.2 76.9 120.1 36.0
100% N 47.0 95.9 142.9 329
100% RDF 513 96.6 1479 349
Nutrient 51.0 95.9 146.9 348
Expert

Source: Kapri ef al. [13]

Conclusion

Nutrient Expert is proving to be an ideal methoa for
creating fertilizer recommendations and determine if an
adequate nutrient supply exists to permit healthy crop
growth. Most Indian farmers, on the other hand, are
oblivious to how to manage nutrients in their nutrient-dense
cereal systems. NE regularly outperformed the other
options in a variety of settings (farmers' field practice or
state recommendations). Nutrient Expert has several
advantages that have proven it to be a good decision support
tool, including: '

* Itis cost-effective for precision nutrient management,
produces less pollution, and has a good impact on
plants and soil.

* Itis simple to use and does not require any !ab. 7 or
technical skills. :

* Using site-specific strategies to optimize nutrient
management would increase yield, nutrient usage
efficiency, and cereal production profitability.

* Inputs, fertilization processes, environmental
circumstances, yield responses to N, P, and K
fertilizers, soil fertility metrics, past crop history, and
the usage of organic inputs, among other factors,
should all be well-understood by the farmer.
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A new coronavirus known as SARS-CoV-2 is rapidly spreading over the world, posing a significant
public health hazard. In response to this worldwide health crisis, several preventive initiatives
have been launched; among these, vaccine discovery is on the cutting edge. A vaccine against
SARS-CoV-2 has been developed using several advanced designs, and forty four candidates have
already begun clinical testing. At the moment, it's unclear whether ones will meet the efficiency
and safety criteria, and several vaccines are awaiting urgent clearance in the United States and
Other countries. The advantages and disadvantages of several vaccination technologies, as well
as the safety and effectiveness of vaccines in their early stages, were examined in this research.
Following the development of a vaccine, the acquisition, deployment, and uptake of the vaccirn
will be the next challenges. The current manuscript delves into these issues in depth and offe <
solutions to a wide range of translational issues. SARS-epidemiology CoV-2's indicates that the
virion will continue to be a hazard to everyone as longer as a few people are infected. We require
vaccines that are both inexpensive and available in sufficient quantities to be used in all parts of

the globe.

Introduction

The recently identified SARS-CoV-2 virion has
caused a worldwide epidemic, producing sociological,
psychological, and economic consequences. Extensive
precautions, like as widespread diagnosis and strict
segregation of infected persons, are required to avoid
continued transmission; nevertheless, putting these
containment methods in place is a massive endeavour. The
ongoing spread of this coronavirus emphasises the
significance of international cooperation in this area.
Lockdowns and social separation could be eased if a
COVID-19  vaccination delivers some level of
immunological protection. At present, many vaccines are
available, which can protect people from novel
coronavirus by developing immunity. The biochemistry of
the virus shown in Fig. 1. This article differs from
previous COVID-19 vaccine review articles in that it
evaluates the advantages and disadvantages of available
vaccines developed by using diverse technical methods,
and the safety and effectiveness of the many
protein vaccines [1,2].

Outside of vaccine crafting, possible roadblocks
include vaccination acceptability, procurement, &
distribution, as well as global implementation.

SARS Covid-2

SARS-CoV2 is a positive single strand RNA
virion with implications that is highly homologous to
SARS-Covl and MERS-Cov virion. For all three of these
viruses' bats act as a natural reservoir. Human infection
was probably caused by intermediary hosts, such as for
SARS-CoV-2 pangolins. Covid evolve quir'T - by
mutation and are RNA viruses. Recon ~ - ion
homologous and un-homologous that expands their range
of host. Spikes are unique club-type protrusion on the top
of Covid. The spikes, envelopes, membranes, and
nucleoprotein are the four protein complexes that make up
the virus protective layer. The protein facilitates the
process. SARS-CoV-2 interacts to the ACE 2 human
receptors, which is the determining factor of host disease
transmission and pathogenesis. It is regarded a prime aim
for neutralization ofantibodies and a key target for
vaccination crafting [3,4].

Sars Covid-2 transmission and diseases

SARS-CoV2 is mostly transmitted by secretions;*"*~h as
nasal secretions. Particles, such as naso secreti"~ - and
salivary secretions, are commonly -used to disseminate
SARS-CoV2. In the lack of evident signs, infection has
been documented.
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Fig. 1. The biochemistry of (SARS-CoV2), the route of virus infection,
quasi preventative techniques, and prospective vaccination candidates in
clinical studies are all depicted. (A) Viral framework and discase by
adhesion of Spikes towards ACE2, (B) transmit routes, (C) identifier of
regions for furthermore research findings to facilitate vaccinecraft, (D)
quasi strategies to hold the transmission of the virus, (E) putative
vaccination may operate by producing neutralising antibodies and/or
cytotoxic T cells that decimate invading pathogens, (F) vaccine systems
for developing anti-SARS-CoV2 immunisations, (G) multitude of
powerful and effective vaccinecrafts,

Lately, the prospect of virus infection via brief particles
has indeed raised. Wheezes and sneeze, on either hand, are
still the most common means of transmission (Fig. 2). The
rate of contamination increases the more and nearer a
people is in touch to someone who has the virion, and poor
ventilation confined overcrowded environments are worse
in comparision to outside. There is a link seen between
quantity of viral infection and the intensity of the sickness,
according to various research. The data for an associations
between perceived and disease infection is unclear, as
severity of symptoms is much more highly determined by
the innate immunity of the person. Comorbidities such as
diabetes, cardiovascular disease, and immunocompromised
states are common among SARS-CoV-2 patients who
develop severe disease. Smoking, inhaling dirty air
particles; and weaker immune systems are all factors that
contribute to lung disease in the elderly. They lose their
immunity, making them more [5,6).

Host immune response to SARS Covid-2

Antibody in asymptomatic patients usually disappear in 3
months. susceptible to sickness. Younger adults are also
being admitted to hospitals. In the United States and abroad
Children who are infected appear to have fewer symptoms
and may act as carriers of the virus.

Antibodies are an important part of immunity,
particularly those that “neutralize™ viruses. An effective
vaccine will try to replicate that degree of natural defence.
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After already being diagnosed with SARS-CoV-2,
somebody recovered. Ni er. al. identified a connection
among neutralising titres and the amount of virion-ggécific
T cells in recovered people. Interestingly, recovered SARS-
CoV2 patients exhibit significant CD8+ antiviral res, nse.
COVID-19 affected person with a high seropositivity
those really are asymptomatic or weakly sick. Whether this
reaction is acceptable or not. It has still to be determined if
it can avoid repeated COVID-190ccurrences. A recent
research discovered robust T cell responses to SARS-CoV-
2 spikeprotein, nucleic proteins, including protein
complexes. Even mild or asymptomatic infection has been
proven to last at least six months. As per this study, T cell
immunity to SARS-CoV?2 may last lengthier than antibody
resistance. Nevertheless, it has to be seen if these persisting
T cells provide adequate protection against reinfection. T
cell responsiveness to SARS-CoV2 has been classified into
non individuals, suggesting probable cross reactivity with
other CoVs prevalent in the global species. Implemzi tion
reactions have been identified in other studies. Indiv.c aals
who already had earlier being immunized for pneumococcal
diphtheria toxoid antigens and possessed SARS-CoV2
peptides. Cross-importance reactivity's in terms of
"protective" has still to be determined. Protective immunity
such as substantial inflammation processes emerge
following infections with SARS-CoV2, Mass production of
inflammation chemokines has been associated towards
such illness. The results are consistent with the idea of
initiation. The innate immune response of infected patients
in a new analysis, Cassetteet al. discovered substantial
quantities of nk cells and earlier increases in Igm antibodies
are connected to malignancy. Infections without signs yet
elevated amounts of macrophage production or persistence
Excessive concentrations of Iga and Igg produced isii¢ the
latter phase of illness characterize serious infection. It
suggests that severe COVID-10 infection can trigger an
adaptive immunity with a protecting effect. Inherent
inflammatory cells instability is a characteristic of serious
COVID-19 pathogenicity, but current study reveals that
certain immune response cells generated by SARS-CoV2
transmission could partly or fully dysfunctional.
Furthermore, recent evidence showed Covid has the power
to manage ifn_reactions; potential antimicrobial innate
immune reactions that control infectious disease are
absolutely crucial repeat, and the immune system
responsive arm being utilized. Scientists are attempting to
determine how well the new disease's susceptibility
functions and even how to build a vaccinati=* .. For
asymptomatic, cured, or re-infected persons, Tlymho ,tes
have still not thoroughly investigated. We don't know if you
need to get infected again to generate long-term immunity
More research into SARS-immune CoV-2's evasion
mechanisms is needed. It could be crucial for the
development of effective vaccines. Immune response or
even a method of innate immunity. Continued study into
such known aspects of innate’and adaptive immunity would
aid in the definition of preventive correlations and the

|
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explanation of defence systems, most of which are required
to validate any product's usefulness in an outbreak. A good
vaccinate response is  characterized by a significant

§timulation of body's immunity, and the creation of innate
Immune cells stimulation (via linked adjuvants) to expedite
the production of antibodies. '
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Fig. 2. Immunc response and pathogenesis of SARS-Cov-2.

Vaccine development platform for SARS Covid-2

Although development is advancing at fast pace and great
progress has indeed been achieved, there are presently few
approved vaccinations to combat SARS-CoV-2 infections.
There are over 300 vaccinations under research, 52 of
which are in clinical studies and 11 of which are on the
marketplace. The final step of millions of person's test
has indeed been finished.

Vaccination development takes — # swco

A = M et
years on average. Scientists 1
claim they can accomplish the LAY

very similar effect in a few of
weeks (Fig. 3). A vaccination,
according to the preponderance
of specialists, is required. In
2021, the new disease should be
widely distributed, 12 months
once it originally appeared. It's
worth remembering that people
are now infected with four
coronaviruses. A cold virus
syndrome is caused by them.
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Fig. 3. SARS Cov-2 vaccine development.
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paradigms that closely resemble people disease are —badly
required [7,8]. Vaccination must be tested for safety and
effectiveness using animal studies. Chimpanzees have been
tried for certain vaccination designs, however they do not
acquire the serious conditions that SARS-CoV?2 produces.

Table 1. SARS-CoV2 vaccine research systems, viral target, production
descriptions, benefits, & drawbacks.

Vaccine Platform Advantages o Disadvani
*  Very polent
Killesi/Attenusted *  Multivalent by nature * Monuluctuiing e

v Resquires steingent quality contrl

*  Risk for infection

* Nowd for additional
immunostimulants (adjuvant)
Need o develop new production
process and stability assays for
wach new antigen

*  Multivalent formulations con
be challenging -
Potential risk for infection

*  Inflammation could couse risk for
adverse reactions
Pre-existing immunity against
the vecior

* Mived resuills immunogenivity
in humans .

Patasites *  Simple formulation.

10 adjuvants nyuind

SubunitRecombmant .
Protan

Non-infectious
*  Strong humoeal response

Strong innate immune response
Strong cellular and
humoral responses

Vil Ve .

*  Non-intectious
*  Rapid development and
nNA production using standardized
production pipeline
*  Options for multivalency
*  Strong T cell respunses

*  Poorimmunogenicity in humans
¢ Polential risk at

genetic integration

*  Non-ntections

*  Degradable and no risk for
penelic mbegration

*  Rapid development and * RiNases can couse stability issues
Py using standandized Infl oogld cause risk for

RNA prochuction pipeline adverse reactions

¢ Production lree of any animal- * Although becoming rapidly more

derived prclucts affordable the curnent production

*  Options for multivalency

*  Viry potent innate
HRMUNe response

¢ Strong T cell responses

eoats are high

Vaccine in advanced stage

Several of front vaccinations are: China Biotech’s
CoronaVac, an  inactivated  pathogen  vaccine;
Moderna'smRNA1273, anmRNA presidential contender:
Johnson &  Johnson'sINJ78436735, an attenuated
virusvaccine;  Pfizer'sBNT162b2, an  attenuated
virusvaccine; the University of Oxford's candidate
ChAdOx1 nCoV-19, which is an mRNA-based vaccine:
Sinovac's SARS-Cov INO4800 from Inovio is an
adenovirus-based DNA plasmids vaccination.
CoronaVacan inactive vaccine developed by Sinovac
Biotech, the vaccination generated responses that
neutralised 11 isolates of SARS-CoV2, according to initial
research (SARS-CoV2). More vaccines described in
Table 1. The results of Sinovac's phase two human trials
appear promising as well; the biotech. The company
released preprint results demonstrating that the vaccine
produced neutralising antibodies with there were no severe
adverse reactions. They are currently preparing for phase
three trials in Brazil. Indonesia, as well as Bangladesh.
Based on 170 cases of COVID-19 developing in
volunteers, preliminary data from Pfizer and BioNTech
suggest that the vaccine is 95 percent effective. It is worth
noting that the vaccine was given to eight people. The
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vaccine's efficacy was consistent across age, race, and
ethnicity, according to Pfizer and BioNTech. Fatigue was
the most common serious adverse event, with 3.7 percent
of volunteers reporting tiredness after the second dose,
After the second dose, 2% of volunteers reported a
headache. According to the companies, older adults
experienced fewer and milder side effects, Despite the fact
that the full trial data has not yet been published, Loth
companies have stated their intent to apply for permission
to use the vaccines in an emergency in the United " “rs.

. 3

New vaccine technology

Some COVID-19 vaccines have been developed using a
messenger RNA approach (mRNA). mRNA vaccine
technology has been studied for over a decade, with
vaccines for Zika, rabies, and influenza among the results.

The safety of these mRNA vaccines has been
thoroughly evaluated, and clinical trials have shown that
they produce a long-lasting immune response. mRNA
vaccines aren't live virus vaccines, and they don't harm
human DNA. See WHO's explainer on the different types
of COVID-19 vaccines for more information on mRIWA
vaccines.

Safety of COVID-19 vaccines for different 4\:3‘ ps

COVID-19 vaccinations have been tested in large,
randomized trials with patients of diverse ages, sexes,
nationalities, and medical problems. In all groups, the
vaccinations have shown to be very effective. In Dersons
with a range of preexisting medical disorders connected to
a higher risk of serious disease, vaccinations have now
been demonstrated to be effective and feasible.
Hypertension, hypoglycemia, asthmatic, lung, hepatitis, or
renal illness, and systemic discases that are steady and
under treatment all seem to be instances. While
vaccinating children, somebody with an underlying
medical condition, old people with severe fragility, having
a history of severe adverse responses to vaccinations,
people HIV-Positive, but those who are currently “rc; ant
must talk to physician [9].

Pregnancy

While there is a higher risk of severe COVID-19 during
pregnancy, there is currently very little data to assess
vaccine safety during pregnancy. People at high risk of
COVID-19 virus exposure (such as health workers) or
those with a history of underlying medical conditions that
increase their risk of severe disease may be vaccinated
during pregnancy after consulting with their doctor. There
is no evidence that vaccination causes harm to a pregnant
woman.

Breastfeeding

i
e

If they are part of a group that has been recomme~Z-  for
vaccination, the vaccine can be given to those who are
breastfeeding (health work-\rs. for example).
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Safety of COVID-19 vaccines for children
Children's COVID-19 vaccine trials are  currently
underway, and once the results are available, WHO will
issue updated vaccination recommendations for children.
Adult vaccine trials were prioritized because COVID-19
has been shown to be a more serious and dangerous
disease in older people.
Conclusion
Mostly in midst of a fast spreading epidemic, the prospect
of a SARS-CoV2 vaccination seems appealing. That sheer
variety of vaccinations under research, as well as the
methodology they use, in whatever form that takes, might
aid us in anticipating future epidemics of new illnesses. To
meet worldwide demand, there's a significant probability
we'll require additional than just 1vaccine. Furthermore, if
SARS-CoV2 remains a hazard to a few people, it will
keep spreading.
Keywords: Pandemics; severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2); COVID-19 disease; vaccines; trials: public health,
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