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' t,.ff"8Cf : 

AllTlc:ulturc field pl1y1 cruc1al role tn food , uppiy lO u.s But there In lnlt'ly t'<ue5 
d1sturt>tn& agriproducu Chmate change, •Iler shortage. tmpropct value of agnprociuct< rn 
rn,u\ct. popul•uon grov-rth, low.,ncomc l~IJ arc l.bc key factors mOucncmg agnc.ultun fidd ln 
,uch iltuat1on remote KMing can be the best tool to agnculturc field. Vanous apphunons of 
remote ten.sing play a vnal role to dclect problems in agriculture and gives 1ns1gbt to ovcn;ome 
these problems Th1J review article discusses role of remote sensing in agriculture field. 
Keyword.1: Agnculture, remote senJing. sen.son, vegetation cover, soil mapping 
I atrocladMII: 

In 1960 A.O. Fi-'Cber devised the term remote sensing. Remote sensing is defined a.s the 
an and sctence of gathering information about objects or areas from a distance without having 
phY5ical contaca with objects or are.as being investigated. Use of electromagnetic spectrum is the 
pnnciplc uiCd in remote sensing. It is the science and technology of making inferences about 
material objccu from measurement made at a distance without coming into physical contact with 
the objce1 under ,tudy. It i, a tool lO monitor the eanb's resources using space technology in 
addition to ground observatjons. Such examinations can be carried out using ground-based 
anstrumcnts u well u sensors or cameras mounted on ships, aircraft, satellites. or other 
,pacecraft (Prahhau.r ~, al.. 2011 ). Thii collection of basic data involves monitoring of crop 
growth. soil moisture condit ion, irrigation drainage and outburst of pest, disease infection. 
Remote sensing colleclS data wi thout destroying the crop, which can be used to provide m.al 
i11forow_ion for precision agriculture. 

'f ypa of rrmou M"Dlia& 

Tbae are two main types of remote sensing, passive remote sensing, and active remote scming 

Pa"iv.e remott ..en~mg depends on natural energy bounced by the target. It makes ~ 0 of 
seasons that detectB the rcflecled/emined clec1romaW1e1ic raduuaon by n1m1ral sour~es. Active 
remote sensing: h makei the uie of &eawns 1tua1 detects retlech~d responsos from objec t th.at are 
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imtdi1ted from 1r1ifici111ly generated energy soun:es. In th is remote sensing, instruments operate 

with their own source of emission or light. 

Remote sensing platforms 

There are three main types of remote sensing platforms. These are the vehicles that carry 

remote sensors to collect data from a distance. 

I. Airborne platforms: These remote sensing vehicles operate in Earth 's atmosphere. These 

include airplanes, helicopters, and drones. 

2. Ground borne platforms: These are remote sensing vehicles that operate on the Earth 's 

surface. lnfrared thermometer, spectral radiometer, pilot balloons, & radars are some of the 

ground based remote sensing tools. 

3. Space borne platforms: These are remote sensing vehicles that operate in space. These 

include satellites, which are the most used space platforms for remote sensing. The satellites 

are subdivided into two classes. (a) Polar orbiting satellites-These satellites operate at an 

altitude between 550 & 1600 km along an inclined circular place over t5he poles. LANDSAT 

(USA), SPOT (France), & IRS (India) series are some of the remote sensing satellites. (b) 

Geostationary satellites- These are satellites that orbit the Earth at an altitude of 

approximately 36,000 km. The INSAT series satellites are launched from lndia for the above 

purpose. 

Sensors used in remote sensing 

a. Photography: It is the most used sensing systems. The film records the energy reaching in 

at the time in the visible and near infrared ranges of the spectrum. The range of any 

individual system is governed by a particular film characteristics and use of films. 

b. Line scan and related system: It uses the visible and near infrared portion of the 

spectrum. In this system a mirror is rotated parallel to the direction of the movement of the 

aircraft or satellite. The mirror reflects the radiation received on to a detector and the data 

are recorded. 

c. Microwave system: Microwave radiation is emitted from the earth's surface is very small 

quantities. These microwaves are used by microwave sensors in a wavelength of about 1 

mm to J 000 mm. The sensors record the microwave radiation through complex antennae. 

These are used in weather satellites (Ray, 2016). 

Basics of agriculture remote sensing 

Using remote sensing farmers observe their fi elds to assess the condition of crops. 

Observing the colors of leaves or the overall appearances of plants can determine the plant's 

condition. Remotely sensed images taken from satellites and aircraft provide important 
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· • • d' · · I t t · •cilly 1oucl1ino them Exploring lnformation mfunrnuion to ossess held con 1110ns w1t 1ou p 1ys1c ei • 

from remol'cly sensed imogcs nllows fnrmcrs to treat only affected areas of their field. Remote 

sen:-ing is very important tool fo r fanncrs. Energy from sunlight is called the electromagnetic 

spectnun shown in fig. I . 

10 2 10 ·2 10 ·4 10 ·8 10 ·10 10 •12 

Radio Micro- Infrared Ultra• X•Reys Gamma 
waves wave vlolel Reys 

4 X ,0·7 

Figure 1: Electromagnetic spectrum (Wikimedia Commons, 2019) 

Wavelengths used in agricultural remote sensing cover only a small region of the 

electromagnetic spectrum. In a satellite remote sensing process used in agriculture. This process 

is depicted in fig.2. 

t 
G 

C 

Figure 2: Satellite remote sensing process (Anna Jakomulska et al., 2002) 

Electromagnetic energy from Sun strikes the plants. A portion of this energy is 

transmitted through the leaves. Reflected energy is detected by the sensor on the satellite. The 

data is then transmitted to the ground station. The data is analyzed and displayed on field maps. 

Alterations in leaf colors, textures, shapes or even how the leaves are attached to plants, 

determine how much energy will be reflected, absorbed, or transmitted. Spectral signatures of an 

individual plant are obtained by using the relationship between reflected, absorbed, and 
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trnnsmittl-'(f cneroy The f l f ' I ' n . 
~ • 1 < Ill 11..m re oclod 011 n l\111cllo11 of lho wnvolcngth Is called tho spectral 

signature of tho surfocc ns indlcntcd In fl g. 3. 
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Figure 3: Spectral signature of planets (mcbburney.wixsite.com) 

Spectral signatures are unique to plant species. The spectral signatures of unhealthy 

plants appear changed from those of healthy plants. Interpretation of the reflectance values at 

various wavelengths of energy can be used to evaluate crop health (Nowatzki et al., 20 I 7). 

Remote Sensing in agriculture 

Most researchers have focused on the use of data for classification of land cover types 

with crop types in agricultural applications during early stages of satellite remote sensing. In 

recent years, focus was on characterization of plant biophysical properties. Remote sensing of 

agricultural canopies has provided valuable insights into various agronomical parameters. It 

provides repeated information for providing valuable information for precision agricultural 

applications without destructive sampling of the crop (P. Shanmugapriya et al.,2019). Some 

agronomical parameters have been discussed he.re. 

Monitoring of vegetation cover 

Vegetation cover indicates the percentage of soil which is covered by green 

vegetation. Remote sensing is an outstanding technique to monitor the earth's surface cover. The 

Normalized Difference Vegetation Index (NDVI) is the most accurate method of digital 

processing of spatial visualization in the presentation of vegetation. Main fact used in this 

technique is that the plants show a high reflectivity in the wavelength range near the red 

wavelength range. NOVI values are in the range of -I to +I . Positive result indicates the cell has 

a plant cover and the negative values indicate the non-green surface parameters (Allawai and 

Ahmed, 2020). 
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Crop ffltldltio" um1men1 . ·b t the crops. This information • -\ tml lnfonnat,on a ou Remote !l!ffl~il\g giv~ 0 ~ tune Y SJ)CC 
. fl · d · n spectral Pt , lu ical changes are re ect.e ' 

pro, i ,k--8 ph, 5-101"~''-'al infonna1ion of plants. ,ys10 8 . . . f the crop at . d"f on will help monttormg o 
cha.nt'1enst1cs of plants. Evaluation of crop con ' ' . . Th 

I . d fi crop colldition monttormg. e 
ft-oquen\ intervals. Remote sensing is perf~ I Y smte or 

d d ht nutrient stress due to 
oonditJon of the crop depends on moisture stress ue to roug , 

. . 1 . d' and pest doses (Ray, 2016) . 
in.sufficient availability in the soil, Ooodmg, sa tmess, 1sease, 
Nwtrient and water 1tat111 

Remote sensing gives water status over the land to fanners. Nutrient and water stress management can be done using remote sensing applications. Using this technique farmers can reduce cultivation cost and proper use of fertilizer to increase the yield. The spectral reflectance in visible region of electromagnetic spectrum can give intuition of diseased and healthy crops. Remote sensing also gives us the soil moisture availability in the field. Remote sensing has been playing a major role in understanding the crop soil characteristics. Such information when linked with GPS wiJI provide promising results which are more helpful in precision fanning (Shanmugapriya et al .. 2019; Sinha et al.. 2018). 
Soil mapplng 

Remote sensing plays an important role in soil mapping. Through soil mapping, farmers can get information about ideal soil for the crop and know irrigation requirement for the crops. This information helps in precision agriculture (Priya and Raman Kumar, 2020). Weed identification and management 
Remote sensing united with precision agriculture is a hopeful technology in nowadays. Some methods for weed detection are very time- consuming and labor-intensive. However, image-based remote sensing has potential applications in weed detection for site- specific weed management Difference in the spectral reflectance properties between weeds and crop, remote sensing technology helps us to identify the weeds in the crop (Shanmugapriya et al., 20 l 9). Detection of plant stress 

The chlorophyll and other pigments react to the visible radiation. Infra-red region is a region of high reflectance. Using remote sensing technology, we can identify stressed and nonstressed leaves. Water stress, nutrient stress, and disease outbreak lead to reduction in plant pigment in red band. The reflectance measured in the visible and near infra-red bands indicates plant. health (Ray, 2016) . 
Atmospheric dynamlCli 

Use of meteorological satellites in weather forecasting is the tool given by remote sensing. These satellites are used to measure cloud cover, wind, moisture, temperature, and wind 
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~ i. Variation in ,'-Anopy trm1,cmtutc Is used to dctcnninc w11ter avallahillly In the field . The 

use of rNlltlte ftn5in.g dAtA for drought 11~se~smrn1 ploy~ 11 ~lgnincant role In 11grlcullure. NOVI 

pnxt\k,-C\1 by NOAA-AVlf RR data is used to assess and monitor droughts al the dlslricl level. 

allo\\i n.g timely rrrvcnti\-e ind corrective measures to be taken (Adhikary et al .. 202 2). 

Crop r,·1po-tnnspiratton 

Crop productivity is influenced by soil moisture. Soil moisture depends on temperatures 

and rainfall . The relationship between water stress and a plant's thermal characteristics is 

dcscn'bed by \'egetation indices such as Crop Water St.ress Index, Surface Temperature, Water 

Ddkit Index, and Stress Index. Evapo-tmnspiration estimates are cnicial for evaluating 

irrigation scheduling, calculating water nnd energy balances, determining crop water stress 

indexes, and determining climatological and meteorological conditions. Temperature influences 

soil water availability and crop evapo-transpiration which is essential in assessing crop water 

stress (Saju Adhikary et al .. 2022). 

Crop yield and production forecasting 

Remote sensing plays vital role forecasting crop yields. Statistical- empirical 

relationships between yield and vegetation indices gives forecasting of crop yields. The 

information on production of crops before the harvest is significant for national food policy 

planning. Crop yield depends on factors such as crop variety, water and nutrient status of field, 

influence by weeds, pest and disease infestation, weather parameters. The spectral response 

curve is dependent on these factors. Nature of the spectral response curve indicates the crop 

condition and its performance (Sharunugapriya et al., 20 J 9). 

Precision agriculture 

Remote sensing technology is a key factor of precision fanning and is being used by 

number of scientists, engineers, and large-scale crop growers. It gives information about 

cultivation of healthy crops which guarantee farmers to harvest crop after an ideal period 

(Shanmugapriya et al., 2019). 

Conclusions: 

With population growth in the world the natural resources and agriculture food resources 

are not adequate. Most of the farmers do their farming without the help of technology. Many 

natural factors such as less rainfall, temperature, floods, plant diseases etc. hamper agriculture 

produce. Farmers should get information about how to increase agriculture produce by proper 

knowledge of the factors affecting t.heir crops, yield. This is possible by using remote sensing 

technique in agriculture. It is necessary to obtain reliable data on not only the types of resources, 

but also the quality, quantity, and location of the resources. Remote sensing is an important tool 

in improving the present system of agriculture. 
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National Education Policy 2020: Challenges and Solutions In Higher 

Abstract 

Department of Physics, Shivaji Arts, Commercet Science College Kannad, Dist-Autangabad (MS) 
Corresponding author E-mail:kolhe_sb71@yaho0.com 

Good education policy is very important for Nation's overall progress. According to the tradition and 

custom many countries adopted education system and acquired various stages in their life cycle to make it 

effective at school and college education level. Union Cabinet of India started the National Education Policy 

of India 2020 (NEP 2020) on 29 July 2020 replacing the previous National Policy on Education, 1986. This 
policy is a complete outline for elementary to higher as well as vocational training in both rural and urban 

India. The policy aims at producing engaged, industrious, and contributing citizens for building an 
impartial, comprehensive, and plural society as predicted by our constitution. NEP 2020 aims to transform 

India's education system by 2030. 

Introduction 

Keywords: National Education Policy 2020, features, challenges, solutions, higher education 

Education In India 

Shailendra Bhalchandra Kolhe 

Education is the basic thing to gain full human potential. The world is experiencing fast changes in the 
knowledge landscape. With revolution in science and technologyin conjunction with multidisciplinary 
abilities across the sciences, social sciences and humanities, there is need of skilled workforce. There is need 
of skilled labor to tackle the things like climate change, pollution, and exhausting natural resources. To 
handle situation like epidemics and pandemics collaborative research is needed. Multidisciplinary learning 
is also very crucial to deal with social issues arising by any situation. There will be greater demand for 
humanities and art as our country is becoming developed country as well as largest economy in the world. 
Pedagogy must be modified to make education creative, holistic, integrated, learner centered, flexible, 
experiential, discussion based and multidisciplinary. New education policy will transform our nation into 
an equitable and vibrant knowledge society. To adopt this new education policy 2020, challenges and 
solutions in higher education has been discussed in this article. 

Features of NEP 2020 for Higher Education in India 

New Education Policy has following features [1]. 
1.1.Institutional Restructuring and Consolidation 

2.2.Holistic & Multidisciplinary Education 
3.3.Optimal Learning Environment and Support for students 

4. Motivated, Energized and Capable Faculty 

6. Teacher Education 

5.Equity and Inclusion in Higher Education 

7. Reimagining Vocational Education 
8.8.Catalyzing Quality Academic Research in Al Fields through a new National Research Foundation 
(NRF) 

9.Transforming the Regulatory System of Higher Education 

11, Professional Education 

10. Efective Governance and Leadership for Higher Education Institutions 

12. 12.Adult education and lifelong Learning 

ISBN: 978-93-5857-321-3 

13. Promotion of Indian Languages, Arts and Culture 
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14. Technology use and Integration 
15. Online and Digital Education: Ensuring Equitable Use of Technology 
Challenges and solutions in the Implementation of National Educatlon Policy 2020 in Higher Education: 
Following are some of the challenges and solutions in front of higher educational institutions to implement 
NEP 2020. 

1) Implementation 

If we want effective implementation of NEP 2020, there should be proper coordination and collaboration among various stakeholders, including the central and state governments, education institutions, teachers, and parents. Capacity within the Ministries of Education, State and Center, and other regulatory bodies should be adequate to accommodate such changes[2]. 
2) Funding 

Aim of this policy is to increase Gross Enrollment Ratio in higher education including vocational educa tion from 26.3 % (2018) to 50 % by 2030. About 3% of GDP (2023) is spent on education in India. Implementing NEP 2020,GDP is expected at around 6%. Both State and Central Government must allocate sufficient funds to channelize this policy (3] 
3) Internationalization and Foreign universities 
In NEP 2020 importance is given to Internationalization of higher education to attract international students to Indian universities. HEls will play important role in attracting foreign students in India. Provision be made so that Indian students can avail education in abroad. More MOUs be established with foreign universities. The universities will also have to be attentive and keep themselves prepared to accommodate foreign students[4]. 
4) Teacher training 

Learning must be enjoyable rather than boring task. In new education policy stress is given on holistic multidisciplinary education rather than learning by rote. Various tools and methods must replace present system. For applying various modern ways in education system teachers should be familiar to such trends which will happen by continuous training. There should be institutes, educators,and official staff to facilitate NEP 2020 (5]. 

5) Adequate teachers 
By 2030, it is aimed to increase Gross Enrollment Ratio in higher education as 50 %. In present higher education system teacher- student ratio is not satisfactory. To meet this increasing student number situation, there should be adequate teachers. Education field is assumed to be low paying profession. To attract more people to this profession, they should be given handsome salary [6]. 
6) Assessment & evaluation 

In NEP 2020, continuous assessment is encouraged to track the learning outcomes. This policy may face challenges, including the capacity of assessment agencies and the need for trained teachers and students (2].Teachers must come up with creative assessment and evaluation methods and brainstorming assignments in order to meet the expectation of this policy. Such assessments would require the institutions to invest significantly in conducting these exams [6]. 
7) Infrastructure and Technology 
NEP 2020 expect complete overhaul and energized higher education system. For such move there is need of sophisticated and modern infrastructural facilities.ICT enabled infrastructure with Wi-Fi connection important thing. But incurrent situation there is lack of infrastructural facilities to meet demand of complete and all-inclusive education. In order to keep pace with the fast-changingtechnology, ultramodern infrastructural facilityisthe prime necessity [71. 
8) Weekly university opening 

very 

The higher education system in India includes both private and public universities. There are currently about 1,000 universities India, It is a difficult task to establish new universities to accommodate more students as expected by NEP 2020recommendations.Population growth in our country is also the concern in opening new institutions.State government and Central government should work very fast to open new universities [6]. 
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9) Curriculum & content 
The NEP seeks a change fronm 10+2 structure to 5+3+3+4 structure, where early childhood educaion e.ill . 

a part of formal education. This policy focuses on developing the curriculum content to ensure critical thinking and develop social-enotional skills among students. Hencecurriculum and content ned 
updated to attain goals of NEP 2020. AIl educators need to reconsider the course content as per nali 

alter the resources accordingly [8). 
10) Inter-disciplinary education 

Holistic and mulidisciplinary education would aim to develop well-rounded individuals. NEP 2020 

will provide flexibility to the students to study the subjects of their choice. In current situation educators are 

engaged in their specific area. This culture is deep-rooted with very few exceptions and the new policy aims 

for shifting the same to multidisciplinary approach. To implement this new education policy in higher 
education the teaching faculty need to develop inter-disciplinary approach. Also, availability of faculty to 
implement this policy is the main issue[8]. 

11) Digital divide 

This policystresses the use of technology, digital literacy, and coding from an early age. This strategy widens 

the digital rift between the urban and rural area.During covid-2019 period we have experienced, students 

from rural areas were not able to attend classes online because they did not have access to mobile phones 

and high-speed internet. Use of internet and electric gadgets in the remote rural area will be a difficult task. 

In rural area local authority should look into this matter to make available new technology [4]. 

12) Quality 

The quality of students in higher education is not so satisfactory. This low quality of education may be due 

to some corrupt practices in higher education system. All stakeholders are responsible for this low-quality 
education. It is a big challenge to implement the new education policy. All stakeholders should sincerely 
work for implementing and making this new education policy successful 3]. 

13) Inclusion & equity 
NEP2020 is based on the principles related to diversity, equity, and inclusion. Every child should get 
opportunity to learn and excel. Stress will be given on socially and economically disadvantaged groups [71. 

Conclusions 

NEP 2020 is more comprehensive and visionary policy document. It has potential to transform the country. 
Co-operation among the government and stakeholders is very crucial actor in implementation of this 
policy. This policy aims at holistic development of the student. It will make our education system healthier. 
But there are many challenges to implement NEP 2020 sucesshully in our country but it is possible by 
devotion of every factor. 
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1. INTRODUCTION 
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Digital education has replaced the conventional education system to some extent but it cannot replace the 

teacher's role in teaching. Information and communication technology (ICT) in education has become an 

integral part of today's education system. Tools such as YouTube, Google quiz, Quick Response Code (QR 

code), Podcasts, PowerPoint presentation, and mind mapping etc. have been employed in today's education 

system to make education more flexible so that students can learn according to their pace. Teachers are taking 

the help of digital technology to make teaching more effective and easier so that student can grasp the topic 

thoroughly. This article aims at how technology has impacted the teaching practices, perceptions of students 

about the use of technology in the classroom. 

Keywords: ICT, OR Code, Mind mapping, You tube, PowerPoint, Google Quiz 

ABSTRACT 

You tube 
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2. SOME PEDAGOGICAL TOOLS 

Our educational system has completely changed because of the incorporation of technology 
into traditional teaching methods. It has completely transformed the global educational environment 

and is now a necessary component of most educational procedures. The use of technology in the 
teaching and learning process is now emphasized in the New Education Policy as well. Choosing the 
right pedagogical resources for a lesson improves its effectiveness and increases learning outcomes 
[1]. In the past students had to depend upon teachers and libraries. But nowadays students rely on 
digital platforms and can access information widely. Using innovative pedagogy in the classroom we 

can increase students' enthusiasm [2]. There are many challenges to employ innovative pedagogy in 
the educational system. First, the educational institutes must have necessary infrastructure for 
implementation of ICT based pedagogy. Second, teachers must become accustomed themselves with 
this advanced technology. Educational institutes do not have the same ability and student situation. 
Taking these challenges into account the institute must plan the appropriate pedagogical strategy (3]. 
There are some complex concepts in science. Using innovative pedagogy, we can make these 
complex concepts easier for students. Some very complicated mathematical concepts can be made 
interesting using some innovative pedagogical tools. In this article we will discuss some of the 
important pedagogical tools to be used in science education. 

Pedagogical tools such as YouTube, Google quiz, Quick Response Code (QR code), Podcasts, 
PowerPoint presentation, and mind mapping have been discussed here. 

One of the online modes of teaching is you tube. It can be used as an effective platform in the 
teaching and learning process. Lectures are recorded and these video lectures are uploaded to you tube 
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platform. These pre-recorded video lectures are shared with the students instead of taking live 
lectures. Students can attend the lecture at their convenient time. They can use the you tube videos for revision purposes and to resolve their doubts. Videos with various effects help to understand the complex concepts of science which are not possible by chalk and talk method. Many teachers across the world post their video lectures on you tube. This is very effective to understand the basic concepts of science taught by various tutors. Students find the use of you tube delightful which enhances the understanding of the academic materials [4]. Students can use these videos as educational tools by taking notes and motivating them to utilize it in the classroom [S]. Google quiz 
Assessment is also very important in the teaching and learning process. Google form is the web-based app used to collect and process information to evaluate the performance of students. In classroom teachers find it very difficult and time consuming in assessing students. Previously assessment was based purely on paper work but now it is shifted to technology-based. Google quiz is very simple, easily accessible, and free to use. It can be shared with students by sending a link via email, message, or embedding it into a web page or blog post. Data gathered using the form is typically stored in a spreadsheet. Audio, video, text, animations, and images can be used to prepare google quiz. It also gives the students the facility to view their scores once they submit the quiz [6]. Quick response code 
Quick Response Code is a form of 2D barcodes. Information such as URL, SMS, contact information and plain text can be embedded into the two-dimensional matrix. In science education, using QR code is very crucial. Naturally, the students are very curious about new techniques employed in teaching and learning rather than routine processes. A piece of information such as information about experiments, equipment labels consisting of information, theory of scientific tems, book information in library, information of students etc. can be embedded in QR code [7]. Using QR Codes on printed materials like subject books may enhance the attractiveness and make the aspects clear. Podcast 
The word podcast is a combination of the word iPod with broadcast. Podcasts are audio broadcasts distributed via the internet. Podcasters create digital media files and upload them to their websites where users can listen to them directly or download themn [8]. Audio learning plays a crucial role in learning. By listening the content, students can understand ideas that are two to three grade levels higher than their normal reading level. Podcasts permit students to access educational materials at home. Students can play the recordings at their convenient time. Podcasts are created using audio recorders and commonly available free compression software [9). 
PowerPoint presentation 
Microsoft PowerPoint is a presentation program developed by Microsoft. It improves the presentation skill of students. PowerPoint enhances the effectiveness of teaching and learning processes [10]. PowerPoint can facilitate understanding of students. Various concepts of science can be made easy to understand by using animations, images, videos etc. in the slides. It is very helpful rather than using traditional teaching methods. 
Mind mapping 
While studying science subjects one encounters many complicated concepts, ideas which are not easy to remember using the old teaching process. Mind mapping is a visual form of note taking which offers an outline of a topic and its complex information that helps students to understand, create new ideas and build connections. It is a visual representation of hierarchical information in which the central idea is surrounded by connected branches of connected topics. It organizes ideas and concepts into graphic patterns. It gives you powerful control over multiple documents from a single place. Using mind mapping in the teaching and learning process we can increase the retention, enhance thinking of students [11]. 
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3. CONCLUSION 

In this article we have discussed various pedagogical tools uscd in sciencc cducation. These 

tools cannot replace traditional teaching and learning processes. But these innovative pedagogical 

methods can largely improve the teaching environment. The uses of YouTube, google quiz, quick 

response code, podcasts, PowerPoint presentation, and mind mapping are multifold and increase the 

understanding of the educational concepts by supplementing the study material. 
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Nanotechnology has transformed today's world tremendously. It has numerous uses in a 

wide range of societal fields, including engineering, agriculture, food, medicine, and polymer 
technology. The greatest and most promising remedy for issues with conventional fertilizer in the 

agricultural system is nanotechnology. The main challenge of current agriculture is to fulfil food 
demands eficiently. This paper will highlight the use of nanofertilizers in the field of agriculture 
and discuss the impact of nanofertilizers on agriculture. 
Keywords: Nano fertilizer, nanotechnology, nanoparticles, nutrients, crop yield 

Agriculture plays a vital role in economic foundation of developing countries. Key 
factors affecting agriculture field are water, climate, and fertilizers. Fertilizers contribute more to 
increase agricultural production. But use of chemical fertilizers greatly affects soil health and its 
efficiency. Due to the growth of high-yielding crop types, greater cropping intensity, and 
decreasing use of organic manures, macro and micronutrient deficiencies in crops and soil have 

increased intensely over the past several years worldwide [1]. Application of nanomaterials in 
agriculture is to reduce the amount of spread chemicals, minimize nutrient losses in fertilization 

and increased yield through pest and nutrient management. Numerous possible advantages 
include improving the safety and quality of food, lowering the number of inputs used in 
agriculture, improving soil absorption of nanoscale nutrients, etc. [2]. Due to numerous 
advantages of nano-fertilizers gained attention of the soil scientists and environmentalists,. 

Nanoparticle 
A nanoparticle is a small particle with at least one dimension less than 100 nm. 

1 nanometer = 10-m =1 billionth of a meter. Nano sized particles can even penetrate through 
the cell wall in plants and animals. This process is used by nanotechnologists to deliver at the 
cellular level, which is more efficient than using the traditional approach. Nano particles are 
regarded as atoms or molecules and eventually relate to bulk material, which causes substantial 
changes in the material's physicochemical characteristics. 
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Nanofertilizer 

Fertilizers are used to improve plant growth and output. These fertilizers are artificially 
synthesized inorganic chemical compounds. A material known as nano-fertilizer has the capacity 
to store a large quantity of nutrients for gradual and consistent release. When compared to 

conventional fertilizers, nano fertilizers can have higher use efficiencies and are expected to be 
needed in significantly smaller quantities. Three primary categories of Nano-fertilizer are 
suggested [3). 

1. Nanoscale fertilizer: These are nanoparticles used as inputs containing nutrients. This 
increases absorption and overall effectiveness while providing a potentially nutritious amount in a less harmful way. This group includes fertilizer nano-objects made of urea, ammonium salts, peat, and other conventional fertilizers. 

2. Nanoscale additives: These are traditional fertilizers with nanoscale additives. In this case, a nanomaterial replaces a little portion of macroscale inputs as an additive to enhance the macroscale inputs' qualities rather than acting as the nutrient itself. It may act some role in the plant growth, or it may be a supplement substance that can provide a binder or water holding material. Nanoscale additives give plants anti-microbial or insect resistance. 
3. Nanoscale coating: These are traditional fertilizers coated or laden with nanoparticles. In this type the macroscale fertilizer is encapsulated by the nanoscale coating or a film. There could be nanoscale pores in the coating which can facilitate the slow release of nutrients solubility. The encapsulation of advantageous microorganisms, which can effectively enhance plant root growth and serve health objectives, is another fantastic application of this type. Some clays, such as kaolinites, smectites, halloysites, and palygorskites, are used in fertilizer products. 

Nanoscale fertilizer inputs 
A nano fertilizer is a product that carries nutrients to crops in one of three ways. The nutrient can be supplied as nanoparticles or nano-emulsions, contained inside nanomaterials like nanotubes, or coated with a thin layer of protective polymer film on the surface. Nanoscale fertilizer inputs are discussed here (3,4,5]. 

1. Nitrogen-based nanoparticles: 

Nitrogen is the most important nutrient available for plant growth. Nitrogen utilization efficiency (NUE) can be enhanced by nitrogen based nano fertilizers as traditional fertilizers have less NUE. Urea is used to get ample amount of nitrogen. Slow release of nitrogen to the plant is needed. These fertilizers improve crop productivity. Urea-Hydroxyapatite Nanohybrids fertilizer, Urea coated nanohydroxyapatite composite, urea-silica nanohybrids, N bio-fertilizer 
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and Kharaa K chelate Nano-fertilizer, Ures hydroxyapatite nanohybrid, Urea coated nano 
calcium carbonate (Urea-CC) nanocomposite, are some of the nitrogen based nano fertilizers. 
2. Phosphorus nano fertilizers: 

The second major nutrient for the plant is phosphorus (P). Certain commercially available 
water-soluble phosphate salts, as triple superphosphate, diammonium phosphate, mono 
ammonium phosphate, (NH3, or Ca (H;PO):), are used as fertilizers. Phosphorus-based nano 
fertilizer would enhance agronomical production, use efficiency of P, and improve the surface 
water quality. Synthesized HA nanoparticles (A), and urea surface-modified HA nanoparticles 
(B) are also used. By adding nitrogen (N), phosphorous (P), and potassium (K) to chitosan 
nanoparticles, the NPK nano fertilizer is formed. 
3. Nano silica: 

Additionally, silica material is used to distinguish between components that are important 

to a plant's existence and those that are not. While most plants do not require silica to survive, 

plants that are exposed to various environmental stressors can adapt and benefit from its 

presence. Nanomaterials like nano-SiO; or nano-ZnO are used. 

4. Titanium nanoparticles: 
Materials that arc photocatalytic are becoming more and more recognized as valuable resources 

for agriculture. TiO,-PN has been applied as a growth-regulating, antibacterial, and fertilizer-like 
substance. Light absorption and photoenergy transfer were both enhanced by titanium 

nanoparticles. TiO; nanoparticles can promote the plant growth. 
S. Zinc oxide nanoparticles: 

In areas where there is a zinc shortage, the most common zinc fertilizer given to crops is 

zinc oxide. ZnO nano fertilizers can proceed novel solubility option of Zinc oxide nanoparticles 
to improve the efficiency of Zn fertilizers. 

6. Copper oxide nanoparticles: 
While beneficial for gemination, copper oxide nanoparticles are phytotoxic during 

secdling growth. A visual representation of the many advantages of metal nanoparticles 
demonstrates the potential contribution of copper nanoparticles to improved plant growth and 
yield. 

7. Iron nano-fertilizers: 

Iron is an essential element for metabolic functions in the plant. It influences yield of the 
crop. These fertilizers are the ideal alternative sources, especially in iron-deficient soils. These 
fertilizers improve seed germination and promote the crop growth parameters, promote many 
growth parameters, chlorophyll, and protein levels. 
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8. Manganese nano-fertilizers: 

Manganese is involved in ATP (Adenosine triphosphate) and protein and fatty acids 
biosynthesis, photosynthesis, and metabolism of nitrogen. Application of these fertilizers give a 
high rate of nitrogen assimilation and metabolism comparing with conventional Manganese 
fertilizer. Various researchers revealed that in some plants growth, productivity, efficiencies of 
photosynthesis is enhanced by these fertilizers. 
9. Boron nano-fertilizers: 

It has important role in pollen grains and tubes elongation, formation of cellular walls, 

photosynthetic products transfer from leaves to active sites, and increases in flowers and fruits 
yields. 
10. Zeolite-based nano-fertilizers: 

It is used as a slow-release fertilizer in farming. It normally helps in slow release of the 
fertilizer to the plant, this way of doing makes the plant to grab entire amount of nutrients from 
the applied fertilizer rather than the minimal uptake. 
11. Potassium nano- fertilizers: 

This fertilizer enhances all physiochemical functions of plants. It is very important in 
opening the stomata of the plant, Photosynthesis, translocation of photosynthates, protein synthesis, ionic balance, water relationships, and the activation of more than 60 enzymes. These fertilizers are very important for seed yield and oil content in peanuts. 
12. Carbon nanotubes: 

Single-walled carbon nanotubes, multi-walled carbon nanotubes, PBMC nano fertilizer are used in agriculture. Study reveals that use of carbon nanotubes enhances plant growth, provide higher moisture uptake, seed growth, induce changes in metabolic function, increase in biomass, and yield of plants, increases the electron transfer rate of light-adapted chloroplasts. Advantages of nanofertilizers over conventional fertilizers 
Nano fertilizers are very crucial for eco-friendly and sustainable crop development. Some of the advantages are as follows [6, 7]. 

1. Provides effective nutrient absorption and utilization. 
2. Lowers the danger of environmental pollution by reducing nutrient losses. 3. They have a greater diffusion than traditional synthetic fertilizers. 4. Offers controlled and slow distribution of nutrients to crop plants. 5. Helps plants to absorb nanoparticles through root exudates, molecular transporters, and nanosized porous materials. They absorb more nutrients from nanoparticles through a variety of ion channels. 

6. Smaller volumes of them can do because of modest nutrient losses. 
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7. Shield the soil and water from early exposure, minimizing nutrient loss. 
8. Increases soil fertility and provides favorable environment to microorganism growth 

Conclusion: 

This revicw article focusses on advantages of nano fertilizers over traditional fertilizers 

t showed use of nano fertilizers in agriculure is beneficial regarding plant growth, effectrve 

nutrient absorption, and utilization, reduction in nutrient los and survival of plants in 

environmental stresses. Benefits of categories of nano-fertilizers with inputs are discussed here. 

The agriculture sector will indeed see tremendous change for the better future of agriculture. 

References: 

1. 

2. 

3 

4 

Research ond Reviews in Nonotechmolegy Volume I 
(ISBN 9 7893 95894732-2) 

6 

7. 

Upadhyay PK, Singh VK, Rajanna GA, Dwivedi BS, Dey A, Singh RK, Rathore SS, 

Shekhawat K, Babu S, Singh T, Kumar Y, Singh C, Rangot M, Kumar A, Sarkar S, Dash s 

and Rawat S (2023) Unveiling the combined effect of nano fertilizers and conventional 

fertilizers on crop productivity, profitability, and soil well-being. Front. Sustain. Food Syst. 

7:1260178. doi: 10.3389/fsufs.2023.1260178 

Kanjur Wangdi, "production of nanofertilizer- A mini review," International Journal of 

Engineering Applied Sciences and Technology, Vol. 4, Issue 3, pp. 1-4, 2019. 

Sanmugam Mahaletchumi, "Review on the Use of Nanotechnology in Fertilizers," Jourmal 

of Rescarch Technology And Engineering, Vol 2, Issue 1, pp.60-72, 2021. 
Nilmini W.K.A, "Nanofertilizers: A Novel Approach Towards a Sustainable Agriculture," 

Journal of Research Technology And Engineering, Vol 2, Issue l, pp. 92-97, 2021 
A.I. Rezk, A.B. El-Nasharty, S.S. El-Nwehy and O.A. Nofal, "Nano Fertilizers, Their 

Role, and Uses in Crop Productivity. A Review," Current Science Intemational, Volume: 
10, Issue: 02, pp. 295-308, 202 1. DOI: 10.36632/csi/2021.10.2.27 

Dinesha Thavaseelan, Gayan Priyadarshana, "Nanofertilizer use for Sustainable 

Agriculture," Journal of Research Technology And Engineering, Vol 2, lssue l, pp.41-59, 
2021. 

S. lImudeen, F. Farween, S. Mahaletchumi, D. K. D. I. Kanchana, "Advances ot 

Nanofertilizers in Modem Agriculture, A review," J. Res. Technol. Eng. 3 (2), pp. 19-29, 
2022. 



Research and Revlews in Nanotechnology Volume I (1SBN: 978-93-95847-32-2) 
About Editors 

|Dr, Yogesh Dswal is worhing as a Guest Faculty in the Deportment of Chemistry, Centrol Uniuersity of 
Moryona, Jont-Pal, Mahendergarh, Horyana. He has obtatned his Ph.D. in Chemtstry ln 20723 from Guru 
Jombheshuer Uiverty of Sclence& Technology, Hisar, Haryana, India. He has qulifed CSIR-JRF and GATE. 
Wth a ridh porjolio compriaing over 2 research articdes published in prestigious journats ond contibution 
to two book chapters in esteemed publications his scholarly contributions extend beyond conuentional 
boundaries, Notably, he assumed the puotal role of chief editor for the book "Research Trends in Science and 
Technology Volume V' (Bhumi Publishing, India). His scholarly pursuits are primarily centered around the 
synthesis of metal complexes and nanomaterials. Dr. Yogesh jourmey is still unfolding, but the trojectory is 
deor: a bright mind pushing the boundartes of scentific exploration, leauing a troil of nnouation in hís 
wake. 

Mrs. Priyanka is currently seruing as a Guest faculty in the Department of Chemistry, Chaudhary Bansi Lal 
University, Bhiwani, Haryana, India. Her academic jourmey, rooted in a passion for discovery and learning, 
began with the completion of her M.SC degree from DAV College, Chandigarh, offiliated with Panjab 
University. Driven by a relentless pursuit of knouledge, she is currently immersed in the pursuit of her 
Ph.D., deluing deeper nto the realms of chemistrs to unrauel its mysteries. Her academic prowess shínes 
brightly, eidenced by her remarkable achievements in national-level examinations. With an impressiue AIR 
of 12 in the CSIR NET and an equally commendable rank of 66 in the UGC-JRF, she has showcased her intellectual prowess and dedication to scholarly excellence. As a beacon of inspiration and a catalyst for 
academic growth, she embodies the spirit of inquiry and the pursuit of excellence. Her journey exemplifles the transformative power of education and the boundless possibilities that lie within the realm of scientific exploration. Through her work, she not only imparts knouledge but also ignites a possion for leaming 
inspiring generations to come. 

Dr. Neeraj Mohan Gupta is an assistant professor in the Department of Chemistry at Gout. P.G. College, Guna (MP), India, He obtained his doctorate in chemistry from CSIR-CDRI Lucknow in 202. He has successfully passed many national-level examinations, such as CSIR-NET, JRF, and GATE, seueral times. He has authored ouer 10 research articdes in prestigious journals, 3 books with renouwned national publishers, and 4book chapters in publications by esteemed national and international publishers. He has ouer4 years of teaching experience at the undergraduate and postgraduate levels. He specializes in the synthesis of fluorescent compounds, coordination metal complexes, and nanomaterials for diuerse applications. He serves as a member of the editorial board and as a reuiewer for many prestigious journals. 

Dr, Laxmi Deswal, an academic luminary, passionately imparts knowledge as a Post Graduate Teacher in the bustling halls of Gouernment Model Sanskriti Senior Secondary School in Jind, Haryana. She eamed her Ph.D, in Chemistry in 2022 from Guru Jambheshwar University of Sclence & Technology, located ìn Hisar, Haryana, India, She has successfully passed both the CSIR-JRE and GATE examination. She has published 10 research artices in reputed Journals and also contributed 02 book chapters In books of reputed publishers. Her research work is primarlly focused on synthesls of benzimldazole based compounds and thelr biological activity, She stands as a bencon of inspiration, luminating the path towards academic excellence and innougtion. 

Bhuni Pbleshuy 

ISBN 978-93-95847-32-2 

9"789395"847322" 


