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PREFACE 

We are delighted to publish our book entitled "Environment and Sustainability 

Volume I". This book is the compilation of esteemed articles of acknowledged experts in 

the fields of basic and applied environmental science. 

This book is published in the hopes of sharing the excitement found in the subject. 

Environmental science can help us unlock the mysteries of our universe, but beyond that, 

conquering it can be personally satisfying. We developed this digital book with the goal of 

helping people achieve that feeling of accomplishment. 

The articles in the book have been contributed by eminent scientists, academicians. 

Our special thanks and appreciation goes to experts and research workers whose 

contributions have enriched this book. We thank our publisher Bhumi Publishing, India for 

taking pains in bringing out the book.  

Finally, we will always remain a debtor to all our well-wishers for their blessings, 

without which this book would not have come into existence. 

  

- Editors 
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ABSTRACT: 

The study is based on the sacred groves which are located in the area of 

Vallapuzhapanchayath, Palakkad district in Kerala. Palakkad is the largest district in Kerala. 

According to the report of ENVIS hub (Statutory body of Kerala state for environment and 

related issues), there are 8 major sacred groves are present in Palakkad district. Small sacred 

groves are more common here. The Governance of such areas is under the control of Nair 

Families, especially in their Tharavad (Malayalam word for ancestral home). Some particular 

castes include Parayar and Pulluvar has a main role in the customes related to sarppakkavu. 

Tree worship, snake worship, stone worship is the integral aspect of human circle. In according 

to Forest Survey of India, experts assume that around 100000 sacred groves are reported in India. 

Such sacred groves are under the control of NGOs and also the trees in such areas are conserved 

in the name of devotion. The role of natural sacred sites, particularly sacred groves has a wide 

interest in international organizations such as UNESCO, the WWF, and such organizations more 

stress on the use of traditional wisdom and practices for conservation and sustainable use of 

biological diversity (Forest and ecology management-1998). The outcome of the study showed 

the prominence of around 44 species of plantscoming under different Families and their 

ethnomedical importance  

 

KEYWORDS: Sacred groves, Socio cultural aspects, Environmental aspects, Ethano medical 

aspects, Palakkad, Cherukode 
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INTRODUCTION: 

Indian culture and tradition are so much entwined with nature. This is evident in ancient 

pieces of Indian literature and classics. In India, Nature, Earth, River, Fire, wind etc. are 

considered Goddesses. It also has concepts like 'Vasudhaivakutumbakam' (World is a family), 

'DashaputraSamovriksha' (One tree is equal to ten sons) etc, which manifest the intense 

relationship they had with nature and their endeavors for environmental protection (Narayanan, 

2001). There is a prominent role for nature worship in Hindu religious practices. These customs 

and traditions have a great role in the socio-cultural and environmental aspects of societies 

(Bithin, 2019).  

Sacred groves are one of the examples of nature worship in India. They are patches of 

forest, protected well as it is 'Sacred'. They are undisturbed areas, without any encroachment or 

exploitation with religious concern (Sharma and Kumar, 2021). These are scattered throughout 

India and can be seen associated with temples, old houses etc. (Asokan et al., 2015). They are 

centers of rich biodiversity, a repository of valuable plants with ethnomedicinal importance, a 

treasure trove of endangered plants and animals and a justification for environmental 

sustainability (Gadgil and Vartak, 1975; Kandari et al., 2014; Singh et al., 2017).  

There are so many sacred groves in India and almost 2000 are distributed in Kerala 

(Sharma and Kumar, 2021). Sacred groves are mainly known as ‘kaavu'. These all are fortified 

especially in old homes like ‘Tharavadu’, ‘mana’, and ‘vaaryam’. This part of the land is given 

by the ‘karanavar’ (the elder person in a house) to the younger generation as a family property to 

provide a space for animals and birds. So, it indicates a close interaction between man and 

nature. SGs are mainly seen in the Malabar region of Kerala mainly Palakkad, Malappuram, 

Thrissur, and Kozhikode districts.  

 

SARPAKAVUKAL 

In myths, it is said that Kerala is originated by throwing Parashurama’s axe to the sea and 

paving the way for splitting of the sea into land. Then in that land snakes are found in more 

number. As a solution for it. Brahmins (a community) created a place for worship of snakes, 

considering them as supreme beings. After that “Sarppakavu” is relevant in Kerala. The 

“Sarppakavu” is mainly seen in most of the parts of Kerala and Thulunadu. Because of religious 

moralities, these niches are prohibited from human interference. People are both feared and 

devoted to snakes. The structures of the serpent deities are made of chithrakuda stones. 

“sarppaputtu” (Figure 3 ) is another structure seen near “sarppakavu”. Snakes will come out 

through the holes in it, for receiving its offerings (N. R. et al., 2020).  
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STUDY AREA: 

The present study focus on the sacred grooves located in the area Cherukode (formerly 

known as Shivapuram) in Vallapuzha panchayath, Palakkad district of Kerala state in India 

(10.845886236163784, 76.22755860774431)(Figure 1 ). This area is marked by the presence of 

many small sacred grooves associated with Tharavads (ancestral home). These small patches of 

protected areas are known by the names Sarppakavu, Brahmarakshas etc., by the local 

community based on the idol of worship. 

 

Figure 1: Study area Cherukode, Vallapuzha panchayath, Palakkad 

 

METHODOLOGY: 

Primary data collection was done through direct field visits and direct personal 

interviews. The sacred groves of the locality are protected by families as part of their religious 

beliefs. The majority of these sacred groves are part of the ancestral property and are protected as 

such without anthropogenic interference. People are connected to these by certain traditional 

practises. Open interviews were conducted with the elder people of the Tharavads who own the 

Sacred grooves, the priests who perform the rituals (people of Brahmin caste), the ones who 

perform traditional festivals (Pulluva families) and the elder people who perform traditional 

medicinal practises (called Nattuvaidyar) to gather pieces of information regarding various 

aspects of sacred groves. Notes are taken while talking with the respondents and subsequently 

analysed and interpreted for further analysis. 

 

 

 

 



Bhumi Publishing, India 

4 
 

SOCIO CULTURAL ASPECTS 

Communities associated with sacred groves 

Sacred groves are maintained and protected concerning religious beliefs, by the Hindu 

community. Major sub-communities involved in the protection of Sacred groves includePanan, 

Pulluvan, Kaniyar, Nair and Brahmins. The land area is mainly owned by Nair and Brahmin 

communities. Besides them, one of the major communities is the Pulluva community. They sing 

songs for snake worship and also for folk deities. Panan community is involved in singing songs 

worshipping the deities inside the sacred grooves to please them. Kaniyar community lead 

"kalamezhuthupattu", another ritual associated with worship. 

 

Festivals and rituals associated with sacred groves 

There are some festivals and rituals associated with sacred grooves. Even though they are 

followed on behalf of religious beliefs, they are the occasions in which the local community 

worship and respect nature. All of these festivals and rituals are performed with the products 

obtained from nature. Most of the deities are made up of stones, and some of them are anointed 

with ‘manjal' (turmeric) and kunkum(red powder). 

The major festivals connected to sacred groves are ‘kalamezhuthupaatu’, 

‘pambumthullal’, ‘sarpabali’, ‘pookulakuthal’ etc. In ‘pambumthullal’, the women will unwrap 

their hair and rub it down with it through the floor (kalam), also there will be a ‘pookula (flowers 

of the coconut tree) in their hands. The elder people says that in ‘Sarpamthullal’, they are 

provoking ‘Nagarajas (king of nagas) to come there and accept their offerings, which 

is ‘paalumnoorum’ (rice along with turmeric powder and milk).The ‘Sarpamthullal’ occurs only 

during the ‘Aayilyam and Makam’ of Malayalam month. The Pulluvars sing songs on such 

occasions using the instruments ‘pulluvaveena’ (a string instrument) and ‘pulluvakudam’ (an 

instrument which looks like pot). In the case of worshipping ‘Brahma rakshas’, one person from 

Brahmins will come and do the ‘poojadhikarmas’ (rituals) and offers the lord ‘vellanivedhyam’. 

There are no festivals are associated with ‘Brahma rakshas’. The ‘kalam’ drawn in ‘kalampaatu’ 

on floors are done in various colours like red, green, yellow, white, and black powders. All of 

these are extracted from petals of hibiscus, green leaves and turmeric.  

There are some myths about serpent deities; unwanted intrusions to the ‘Nagakaavu’ may 

cause ‘Sarpakopam or Sarpadosham’. Based on these myths, these sacred grooves are well 

protected without any anthropogenic action.  
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ENVIRONMENTAL ASPECTS OF SACRED GROVES 

Sacred grooves preserve flora and fauna on behalf of faith and beliefs which leads to 

environmental sustainability. Its protected nature, maintain flourished growth of large trees and 

thereby stabilise the ecosystem. Trees like Alstonia scholaris, Strychnos nux- vomica, 

Aegle marmelos, Santalum album and Ficusreligiosa are distributed in the area under study with 

a more expanded canopy. These large trees support numerous life forms like epiphytes, climbers, 

parasitic species, birds, insects, reptiles and thereby function as keystone species. Tree canopy 

covers the sky, which facilitates the growth of shade-loving herbaceous plants. Vulnerable plant 

species like Saraca asoca are perfectly protected in sacred groves.  

As the area prohibits human interference, fallen leaves are present in the soil as a thick 

layer (Figure 2 ). This contributes to the formation of nutrient-rich humus. This undisturbed soil 

stratum maintains the decomposers and microbiome.  

This ecosystem reduces air pollution and also maintain groundwater level. The beliefs 

like 'kavutheendiyalkulamvattum' (Destruction of sacred grooves will lead to drought) are the 

implications of the ecological concerns behind these places.  

Aboriginals consider these places divine and carefully protect the trees and animals. 

Snakes are considered as main deities here and no one will harm any snake. This maintains a 

considerable number of reptile species, especially snakes in these areas. Further, the fauna of this 

area will also get food as offerings during poojas. Various kinds of organisms like lizards, birds 

and frogs are present in these areas. Monkeys and peacocks are occasional visitors here. 

With rich fauna and flora, sacred grooves become a stable ecosystem. And also water 

reservoirs and ponds closer to sacred groves supports wide variety of flora and fauna, and also 

have endemic and endangered species (Swamy, 1997). 

 

ETHNOMEDICAL ASPECTS OF SACRED GROVES 

Sacred groves consist of many plants with ethno medicinal importance. The medicinal 

practice of using available plants for the treatment is known as Nattuvaidyam, and the 

practitioners of the same are known as Nattuvaidyar. They depend upon these sacred groves for 

medicinal plant collection. The various plant parts like leaves, rhizomes, bark, flowers, and tuber 

are used to treat various maladies. A total of 44 species of ethno medical plants are observed 

(Table1). 

The traditional treatment for snakebite is known 

as Vishachikilsa or Vishavaidhyam. Achyranthes aspera is an important plant in vishavaidyam. 
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Some other prominent plants like Aegle marmalose and Aervalanata are included in Ayurvedic 

combinations like Dashamoolam and Dashapushpam respectively. 

 

Table 1: List of plants observed in the study area 

Sl.No Scientific name Family Local name Habit Uses 

1 Aegle marmelos 

(L.) Corr. 

Rutaceae Koovalam Tree Help to cure 

inflammation and 

Diabetis. Included in 

Ayurvedic combination 

‘Dashamoolam’. 

2 Acampeprae 

morsa 

Orchidaceae Maravazha Herb Help to cure 

stomachache,eye 

diseases. 

3 Achyranthes 

aspera 

Amaranthaceae Kadaladi Herb Used to treat Asthma. 

4 Aerva lanata Amaranthaceae Cherula Herb It is one among the 

‘Dashapushpam’,used as 

anti-bacterial. 

5 Alstonias cholaris 

(L.) R.Br 

Apocynaceae Ezhilampala Tree Used to cure rheumatism. 

6 Artocarpus altilis Moraceae Kadaplavu Tree Used to cure asthma. 

7 Boerhaavia 

diffusa. Linn. 

Nyctaginaceae Thazhuthama Herb It prevents urinary 

disorders. 

8 Bauhinia 

scandens 

Fabaceae Nagavalli Climber Used to treat dysentery. 

9 Chromolaena 

odorata 

Asteraceae Communist 

pacha 

Herb Used to cure wounds and  

burns. 

10 Clitoria ternatea 

L. 

Fabaceae Shankupushpam Climber Antidiabetic,analgesics. 

11 Curculigo 

orchioides Gaertn. 

Hypoxidaceae Nilapana Herb It is one among the 

‘Dashapushpam’. 

12 Curcuma 

pseudomontana 

Zingiberaceae Kaatumanjal Herb Used against leprosy, 

dysentery. 
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13 Cyanthillium 

cinereum 

Asteraceae Poovamkurinjila Herb Anti-bacterial and blood 

purifier. 

14 Cocos nucifera Arecaceae Thengu Tree Used to treat 

stomachache, allergies. 

15 Cassia fistula Fabaceae Kanikonna Tree Used as a laxative. 

16 Calotropis 

gigantea 

Apocynaceae Erikku Shrub Used to treat wounds, 

bodypain. 

17 Citrus limon Rutaceae Naarakam Tree Used to treat common 

cold, kidney stone. 

18 Caryotamitis Arecaceae Choondapana Tree Used to treat urinary 

disorders. 

19 Dipteracanthus 

prostratus 

Acanthaceae Thuppalampotti Herb Used as antidote for 

snake bite. 

20 Eclipta prostrata 

(L). L 

Asteraceae Kayonni Herb Uses for hair 

growth(Bringaraj oil). 

21 Ficus religiosa Moraceae Aalu Tree Antibacterial, 

antidiabetic. 

22 Gliricidia sepium Fabaceae Sheemakonna Shrub Have antifungal activity. 

23 Hemigraphis 

alternata 

Acanthaceae Murikootipacha Herb Used to treat 

hemorrhages. 

24 Hibiscus 

rosasinensis 

Malvaceae Chembaruthi Shrub Used to cure dandruff. 

25 Ipomoea obscura 

(L.) 

Convolvulaceae Thiruthali Climber Used as a purgative. 

26 Justicia adathoda 

L. 

Acanthaceae Adalodakham Shrub Used to cure cough. 

27 Jasminum 

coarctatum Roxb. 

Oleaceae Kattumulla Climber Used to boost immunity. 

28 Lantana camara Verbenaceae Aripoovu Shrub Have insecticidal 

properties. 

29 Lawsonia inermis Lythraceae Mylanji Shrub Used as dyes. 

30 Mangifera indica 

L. 

Anacardiaceae Maavu Tree Used to treat toothache. 
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31 Mimosa pudica L. Fabaceae Thottavadi Herb Used to treat piles. 

32 Morinda citrifolia Rubiaceae Manjapavutta Tree Used as a pain reliefer. 

33 Ocimum sanctum Lamiaceae Thulsi Herb Used to treat against 

cough, fever. 

34 Phyllanthus niruri Phyllanthaceae Keezharnelli Herb Used to treat jaundice. 

35 Pterocarpus 

marsupium 

Fabaceae Venga Tree Used to treat boils. 

36 Phyllanthus 

acidus 

Phyllanthaceae Arinellikka Tree Used to treat respiratory 

disorders. 

37 Premna 

serratifolia 

Mints(Lamiaceae) Munjya Shrub Antipyretic. 

38 Rauvolfia 

serpentina 

Apocynaceae Sarpagandhi Herb Used to control high 

blood pressure. 

39 Strychnosnux- 

vomica 

Loganiaceae Kanjiram Tree Used to treat lung 

disorders. 

40 Santalum album Santalaceae Chandhanam Tree Used to treat genetic 

disorders and heart 

diseases. 

41 Saraca asoca Fabaceae Ashokam Tree Used to treat amenorrhea 

and problems related to 

uterus. 

42 Solanum nigrum Solanaceae Manithakkali Herb Used to treat ulcers. 

43 Terminalia 

elliptica 

Combretaceae Matti Tree Used to treat diarrhoea. 

44 Tragia 

involucrata 

Euphorbiaceae Kodithuva Herb Used to treat scabies and 

skin infection. 

 

 

THE PRESENT CONDITION OF SACRED GROVES 

Sacred groves are protected with their relevance in the Cherukode locality in the present 

time also. The rituals and traditions are followed by the indigenous people as per their beliefs. 

The place still enjoys rich biodiversity and is free from the threats of deforestation and 

urbanization. 
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Figure 2: Presence of thick layer of fallen leaves in the Sacred groves 

 

 

Figure 3: ‘Sarppaputtu’ – Habitat of snakes 

 

CONCLUSION: 

Sacred groves have a prominent role in the customs and environment of Cherukode 

village. Most of the biodiversity areas come under these protected areas. It accommodates 

different kinds of flora and fauna. The vegetation affects the climate. It can regulate the 

temperature. So most of the sacred groves have a refreshing atmosphere. 44 species of 

ethnomedically relevant plants belonging to 26 families are present in this area. These include so 

many endangered species also. Native access these for medicinal purposes. It comprised a wide 

variety of fauna including mammals, birds and insects. These small patches of forests have a 
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relevant socio-cultural impact on the lives of the natives. The environment is well protected 

based on religious beliefs and myths. 
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ABSTRACT: 

Food security is the measure of the availability of food and individuals’ ability to access 

it. The main objective of the study was to analyse the food security status in India. Various 

research papers were referred and tabulated. More than 282 million metric tons of cereals were 

estimated to be produced in India at the end of financial year 2021. These cereals include rice, 

wheat, barley, millets and ragi among others. The calorie intake among rural and urban 

population was 2123 kcal and 2147 kcal respectively during 2009-10. The consumer expenditure 

data on various food items in Karnataka reveals the 51.3 and 40.1 per cent expenditure on food 

in rural and urban population. A major segment of population was consuming far more cereals 

than recommended and less protective foods such as legumes, milk, nuts, vegetables and fruits. 

There were regional differences in intake pattern of different food groups. Nutritional status of 

the vulnerable population indicates a decline in the percentage of stunted, wasted and 

underweight children under 5 years of age whereas percentage of overweight is increased. 

Similar trend is observed among adults. 

KEYWORDS: Food Security, Availability, Accessibility, Utilisation, Nutritional Status 

 

INTRODUCTION: 

               Food security is the measure of the availability of food and individuals' ability to 

access it. According to the United Nations' Committee on World Food Security, food security is 

defined as meaning that all people, at all times, have physical, social, and economic access to 

sufficient, safe, and nutritious food that meets their food preferences and dietary needs for an 

active and healthy life. Similarly, household food security is considered to exist when all 

members, at all times, have access to enough food for an active, healthy life. Individuals who are 

food secure do not live in hunger or fear of starvation. Food insecurity, on the other hand, is 

defined by the United States Department of Agriculture (USDA) as a situation of "limited or 

mailto:sangeetamathapati6@gmail.com
https://en.wikipedia.org/wiki/Food
https://en.wikipedia.org/wiki/Economic_inequality
https://en.wikipedia.org/wiki/Economic_inequality
https://en.wikipedia.org/wiki/Committee_on_World_Food_Security
https://en.wikipedia.org/wiki/Household
https://en.wikipedia.org/wiki/Health
https://en.wikipedia.org/wiki/Hunger
https://en.wikipedia.org/wiki/Starvation
https://en.wikipedia.org/wiki/United_States_Department_of_Agriculture
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uncertain availability of nutritionally adequate and safe foods or limited or uncertain ability to 

acquire acceptable foods in socially acceptable ways". Food insecurity is increasingly recognized 

as an important contributor to health and is a significant component in the development and 

progression of NCDs. While malnutrition is generally associated with undernutrition (wasting, 

stunting, underweight), it is increasingly recognized as a consequence of over nutrition, playing a 

role in both the development and progression of diet-related NCDs. 

India’s ranking in Global Hunger Index 2021 is 101 (slipped from the 2020 index of 94) 

out of 116 countries. With a score of 27.5, India has a level of hunger that is ‘serious’. The 

Hunger Index measures countries’ performance on four component indicators – 

undernourishment, child wasting, child stunting and child mortality. Achieving food security 

requires that all the three separate dimensions such as availability, access and utilization are 

sufficient and stable over time. This means ensuring that aggregate availability of physical 

supplies of food from domestic production, commercial imports, food assistance and national 

stocks is sufficient and that household livelihoods, state policies and socio-cultural norms 

provide adequate access for all members of the household to those food supplies through home 

production, market purchases, or transfers from other sources. Utilization of those food supplies 

must also be appropriate to meet the specific dietary and health needs of individuals within a 

household. 

With this background, we can see the food security status in the form of all three 

dimensions of food security.  

 

FOOD AVAILABILITY STATUS IN INDIA 

            The first step towards malnutrition free India is to ensure that food is adequately and 

consistently available for the population, as per their nutritional requirement and food 

preferences. One way of direct assessment of food availability at macro level, is the aggregation 

of production of various food grains in different parts of the country. However, from a food 

security point of view, it is also critical to assess the extent to which the produced food grains are 

available for consumption by the people. 

According to the year 2010, the per capita availability of cereals is 407 grams, pulses is 

31.6 grams, edible oil-13.6 kg, vanaspati-1kg and 17 kg of sugar. Increased per capita 

availability of cereals found in the year 2002, and Vanaspati also found increased in the year 

2002, and in the year 2008 the per capita availability of sugar also increased to 18.8 kegs (Table 

1). 
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Table 1: Per Capita Availability of Food grains 

Years 
Cereals 

(grams) 

Pulses 

(grams) 

Total 

(grams) 

Edible 

Oil 

(Kg.) 

Vanaspati 

(Kg.) 

 

Sugar 

(Kg.) 

 

1970 403.1 51.9 455 3.5 1 7.4 

1980 379.5 30.9 410.4 3.8 1.2 7.3 

1990 435.3 41.1 476.4 5.5 1 12.7 

2000 422.7 31.8 454.4 8.2 1.3 15.8 

2001 386.2 30 416.2 8.8 1.4 16 

2002 458.7 35.4 494.1 7.2 1.4 16.3 

2003 408.5 29.1 437.6 9.9 1.2 15.5 

2004 426.9 35.8 462.7 10.2 1.1 16.3 

2005 390.9 31.5 422.4 10.6 1.1 16.1 

2006 412.8 32.5 445.3 11.1 1.2 16.8 

2007 407.4 35.5 442.8 11.4 1.2 17.8 

2008 394.2 41.8 436 12.7 1.3 18.8 

2009 407 37 444 13.3 1.1 17.9 

2010 407 31.6 438.6 13.6 1 17 

More than 282 million metric tons of cereals were estimated to be produced in India at 

the end of financial year 2021. These cereals include rice, wheat, barley, millets and ragi among 

others. The south Asian country was the second largest producer of rice and wheat across the 

world (Fig. 1). 

 

Figure 1: Production volume of cereals in India 
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FOOD ACCESSIBILITY STATUS IN INDIA 

India’s rapid economic growth since 1990s has raised the per capita income and has 

significantly impacted its food consumption patterns. The production of food grains in India 

confirms that the country now has the capacity to meet the consumption requirements for all. It is 

now important to understand whether this capacity, in terms of food availability, can be 

translated into an increase in the consumption of nutritious food among the population Therefore, 

a comprehensive analysis of the nutritional intakes (of energy, protein and fat) among people 

from different states as well as vulnerable communities are presented here.  

With regard to calorie, protein and fat intake among rural and urban population, the 

average per capita consumption of calories in rural is 2123 kcal and urban is 2147 kcal in the 

year 2009-2010, whereas per capita protein consumption in urban is 59.3 grams and rural is 58.8 

grams in the year 2008-10 and average per capita consumption of fats is 53grams in rural and 

43.1 grams in urban in the year 2009-10 (Table 2). 

 

Table 2: Average per capita consumption of calories, protein, and fats 

Calories(kcal)          Protein(grams)        Fats(grams) 

Years Rounds Urban Rural Urban Rural Urban Rural 

1983-84 38 2240 2070 63.3 58.1 27.1 37.1 

1987-88 43 2233 2095 63.2 58.6 28.3 39.3 

1993-94 50 2153 2073 60.3 57.7 31.1 41.9 

1999-00 55 2148 2155 59.1 58.4 36 49.6 

2000-01 56 2083 2027 56.8 55.3 34.6 46.1 

2001-02 57 2018 1982 54.8 54.2 33.6 46.1 

2002-03 58 2025 2014 55.4 54.9 34.7 47 

2003-04 59 2106 2020 58 55.5 36.4 46.7 

2004-05 60 2087 2036 56.9 55.9 35.5 46.8 

2005-06 61 2047 2021 55.8 55.4 35.4 47.4 

2009-10 66 2147 2123 59.3 58.8 43.1 53 

 

The consumer expenditure data on various food items in Karnataka is presented here. The 

available data indicated that the expenditure on food is 51.3 per cent in rural and 40.1 per cent in 

urban areas. Expenditure on cereals is 9.6 in rural and 6.1 in urban whereas expenditure 
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percentage of calories from cereals is 51.5 in rural and 44.7 in urban of Karnataka state (Table 

3). 

The protein intake per day per capita among rural population is 56 grams and 59.1 gram 

in urban and in terms of consumer unit, protein intake per day is 69.2 grams in rural and 72.5 

grams in urban population (Table 4). 

            Break up of protein intake by food groups is depicted in Table 5. The protein intake 

through cereals, pulses, milk and milk products, egg, fish and other food is 49, 12, 8, 10, and 21 

per cent respectively. This indicates that, nearly half of the protein intake is met by cereals 

followed by other food groups.  

            Average daily fat intake per capita is 50.5grams in rural and 59.8 grams in urban 

population. Fat intake in rural per day per consumer unit is 62.4 grams and 73.3 grams in urban 

(Table 6). This reveals that, the fat intake is adequately met among both rural and urban 

population. 

The region wise protein intakes from different food groups in India are provided in 

figures 2 and 3. 

 

Table 3: Percentage share of food and cereals in total household consumer expenditure, 

and percentage contribution of cereals to calorie consumption 

State 

 

% expenditure on 

food 

 

% expenditure on 

Cereals 

% of calories from 

cereals 

rural urban rural urban rural urban 

Andrapradesh 51.4 42.3 9.8 7.6 57.4 51.9 

Assam 61.3 47.7 16.0 10.0 67.4 59.4 

Bihar 59.3 50.5 15.0 12.4 61.9 59.6 

Chhattisgarh 52.7 42.2 12.8 8.9 65.7 58.3 

Gujarat 54.9 45.2 8.2 5.9 48.1 41.4 

Haryana 52.1 39.2 5.5 3.7 43.9 39.4 

Jharkhand 58.4 46.5 17.3 10.4 64.0 56.1 

Karnataka 51.3 40.1 9.6 6.1 51.5 44.7 

Kerala 43.0 37.0 5.4 4.6 45.1 43.0 

Madhya Pradesh 52.9 42.2 11.3 6.9 58.7 52.5 

Maharashtra 52.4 41.6 9.2 5.8 49.7 42.7 
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Odisha 57.2 45.4 16.7 10.5 69.7 59.6 

Punjab 44.1 41.0 5.2 5.0 42.5 41.8 

Rajasthan 50.5 44.8 8.1 6.0 55.0 49.2 

Tamil Nadu 51.5 42.7 8.9 6.5 53.3 46.2 

Uttar Pradesh 53.0 44.0 11.2 7.3 59.4 51.7 

West Bengal 58.2 44.2 16.2 8.0 62.5 50.6 

All-India 52.9 42.6 10.7 6.6 57.4 48.0 

 

 

Table 4: Average daily protein intake per capita and per consumer unit in 2011-12: major 

States 

State 

 

Protein intake (gm) 

per day per capita 

Protein intake (gm) 

per day per consumer unit 

Rural urban rural urban 

Andrapradesh 59.9 59.3 74.1 72.5 

Assam 55.1 54.9 66.5 67.0 

Bihar 62.9 60.9 76.7 73.6 

Chattisgarh 51.7 55.8 63.6 68.2 

Gujarat 53.7 56.3 66.2 68.6 

Haryana 72.8 68.6 89.3 83.9 

Jharkhand 54.7 60.3 67.6 73.4 

Karnataka 56.0 59.1 69.2 72.5 

Kerala 61.0 62.7 77.5 79.5 

Madhya Pradesh 65.0 63.1 78.8 76.4 

Maharashtra 60.7 61.2 75.3 74.8 

Odisha 53.4 55.9 66.3 68.1 

Punjab 70.0 64.9 86.5 79.6 

Rajasthan 71.9 66.7 88.4 81.4 

Tamil Nadu 53.3 55.7 66.5 69.1 

Uttar Pradesh 62.6 61.1 77.3 74.8 

West Bengal 55.6 57.9 68.5 71.3 

All-India 60.7 60.3 74.8 73.8 
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 Table 5:  Break-up of protein intake by food groups 

% share of protein intake coming from 

State Cereals Pulses 
Milk and milk 

products 

Egg, fish 

and meat 
Other food All 

Andrapradesh 51 11 8 12 18 100 

Assam 59 10 4 14 14 100 

Bihar 62 9 9 6 15 100 

Chhattisgarh 63 12 2 6 18 100 

Gujarat 56 12 14 3 15 100 

Haryana 51 8 27 2 13 100 

Jharkhand 62 8 5 6 18 100 

Karnataka 49 12 8 10 21 100 

Kerala 37 9 7 26 21 100 

Madhya Pradesh 66 10 8 2 14 100 

Maharashtra 55 12 7 6 21 100 

Odisha 65 9 3 7 17 100 

Punjab 51 10 23 1 15 100 

Rajasthan 64 6 17 1 12 100 

Tamil Nadu 47 14 10 12 18 100 

Uttar Pradesh 64 10 11 3 13 100 

West Bengal 58 7 4 14 18 100 

All India 58 10 10 7 16 100 
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Table 6: Average daily fat intake per capita and per consumer unit in 2011-12: major 

States 

                     Fat intake per day per capita(g)    fat intake per day per consumer unit(g) 

State                                  rural                 urban                       rural                urban                       

Andrapradesh 49.9 55.2 61.7 67.5 

Assam 29.6 39.2 35.6 47.9 

Bihar 39.2 42.5 47.8 51.4 

Chhattisgarh 31.5 42.2 38.7 51.6 

Gujarat 61.5 73.1 75.9 89.2 

Haryana 68.6 74.7 84.0 91.3 

Jharkhand 30.8 44.2 38.1 53.8 

Karnataka 50.5 59.8 62.4 73.3 

Kerala 50.8 54.6 64.6 69.2 

Madhya Pradesh 45.2 55.9 54.9 67.7 

Maharashtra 60.1 66.8 74.5 81.7 

Odisha 27.1 37.7 33.6 45.9 

Punjab 70.3 69.2 86.8 84.9 

Rajasthan 61.9 66.7 76.1 81.4 

Tamil Nadu 44.5 52.0 55.6 64.5 

Uttar Pradesh 42.6 52.8 52.7 64.5 

West Bengal 35.2 48.4 43.4 59.6 

All India 46.1 58.0 56.8 71.0 

 

 

Figure 2: Intake of protein (%) from different food groups in rural India by regions 
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Figure 3: Intake of protein (%) from different food groups in urban India by regions 

 

FOOD UTILIZATION STATUS IN INDIA 

 Food utilization is commonly understood as the way in which our body absorbs nutrients 

from the food we consume. Sufficient energy and nutrient intake by individuals is the result of 

good feeding practices, food preparation, diversity in the diet and intra-household distribution of 

food. This combined with good biological utilization of food consumed determines the 

nutritional status of individuals (FAO, 2008). 

The children under five years who are stunted, wasted and underweight in the year 2019-

20 found to be 35.4, 19.5 and 32.9 respectively. There is decrease in the percentage of stunting, 

wasting and underweight when compared with 2015-16. Among adults, percentage of 

underweight is 17.2 in the year 2019-20. However, percentage of overweight or being obese is 

increased among men and women (30.1 & 30.9) when compared to 2015-16 year NFHS data 

(23.3 & 22.1).   Nutritional status of the vulnerable population indicates a decline in the 

percentage of stunted, wasted and underweight children under 5 years of age whereas percentage 

of overweight is increased (Table 7). 

The region wise indicators of BMI among adults in urban and rural areas is given in 

figure 8 and 9. In urban areas overweight was prevalent in 31.4%, and ranged from 34.7% in 

north to 23.9% in central India. Similarly, overall obesity prevalence was 12.5% and was highest 

in the north (15.4%) and lowest in the central (7.9%). Abdominal obesity was prevalent in 53.1% 

and ranged from 61.4% in the north to 42.4% in the Central region. The overall Chronic energy 

deficiency (CED) or undernourishment as measured by low BMI. 
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While in the rural areas overall overweight prevalence was 16.6% and ranged from 

22.2% in south to 10.1% in central region. On the other hand, overall obesity prevalence was 

4.9% and ranged from 7.7% in the south to 2.1% in the central. Similarly, abdominal obesity was 

18.8% and was highest in the south (25.7%) and lowest in the east (11.9%). CED was observed 

among 35.4% and was highest in the central region (41.2%) and lowest in the south (28.5%) in 

rural areas. On the whole it was observed that overweight, obesity and abdominal obesity was 

highest in the south while CED was highest in the central regions followed by east and west 

regions of the country.  

Table 7: Nutritional status of children and adults 

Indicators                                                                                      NFHS                           NFHS 

                                                                                                      (2019-20)                     (2015-16) 

Child feeding practices and nutritional 

status of children 

Urban 

(%) 

Rural 

(%) 

Total 

(%) 

Total 

(%) 

Children under 5 years who are stunted 32.2 37.2 35.4 36.2 

Children under 5 years who are wasted 18.5 20.1 19.5 26.1 

Children under 5 years who are underweight 29.4 34.9 32.9 35.2 

Nutritional status of adults(age 15-49 years) 

Women whose body mass index is below 

normal 

12.9 19.9 17.2 20.7 

Men whose body mass index is below normal 11.5 16.2 14.3 16.5 

Women who are overweight or obese 37.1 25.6 30.1 23.3 

Men who are overweight or obese 39.4 25.0 30.9 22.1 

 

 

Figure 4: Prevalence (%) of obesity among rural adults by region 
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Figure 5: Prevalence of obesity among urban Indians by regions 

 

CONCLUSION: 

The prosperity of the country is determined by food and nutrition security of its citizens. 

The food security is measured through its dimensions. The collected data on food production of 

major staple foods reveals that, there is gap between the demand and supply of the grains in the 

country. Even though, the protein intake was adequate, higher share of protein comes from the 

cereals than the pulses, milk and meat.  This indicates that, the quality of protein is 

compromised. The results of the food intake in terms of nutritional status of the vulnerable 

population indicates a decline in the percentage of stunted, wasted and underweight children 

under 5 years of age whereas percentage of overweight is increased. Similar trend is observed 

among adults. 

 

REFERENCES: 

Ashok Kumar., 2006, Dietary Pattern and Nutritional Status of Rural Households in North-

Eastern States of India Food Security in India. Ind. J. Agricultural Economics.  61(3):431-

432. 

Atibudhi, H. N., 2006, A comparative analysis of food consumption and monthly per capita 

expenditure of Orissa vis-à-vis all India level; Ind. J. Agricultural Economics. 61(3):412-

413. 

Banafar, K.N.S. And Bhakar, R.,2012, Dietary Intake Pattern and Nutritional Status of Rural 

Households: Socioeconomic evidences from Chhattisgarh, The J. Rural and Agricultural 

Research.,12(2):24-29. 



Bhumi Publishing, India 

22 
 

Datta, T. N., Ayush, K. and Shah, J., 2017, Trends and patterns in nutritional intake in India; J. 

rural development. 63(3):3708-3900. 

Dhanpat, S., Singh V. K. And Katkar, R. K., 2006, Consumption pattern and food security, Ind. 

J. Agricultural Economics.  61(3):413-414. 

https://byjus.com/free-ias-prep/global-hunger-index/ 

https://www.numbeo.com/food-prices/country_result.jsp?country=India 

Jacob, A. M., 2018, Assessment of food insecurity and its correlates in a rural community of 

Karnataka; Int. J. Community Med Public Health. 5(11):4896-4900. 

Mordia 2006, Inter-State Assessment of Food Security in Relation to Development Indicators 

and Incidence of Poverty. Ind. J. Agricultural Economics.  61(3):423-424 

Nayadkar, D.S. Yadav, D. B., And Birari, K. S., 2006, India’s Concerns for Food and Nutritional 

Security. Ind. J. Agricultural Economics 61(3):411-412. 

Pandey, U.K., Suhag K.S. And Sanjay Kumar., 2006, Trends in Food Consumption and 

Nutritional Status of Households in Haryana. Ind. J. Agricultural Economics.  61(3):419-

420. 

Pathania, M. S., And Vashist G. D., 2006, Present Scenario and Future Strategies in Himachal 

Pradesh, Ind. J. Agricultural Economics. 61(3):412-413. 

Prasanna., 2013, Food Security and Nutritional scenario of India. IOSR Journal of Agriculture 

and Veterinary Science. 2(5):28-39. 

Samal., 2006, Analysis of Food Consumption in Orissa and Implications for Nutrition Policy. 

Ind. J. Agricultural Economics. 61(3):425-426 

Saraswat, S. P., 2006, Assessment of Food Security At Household Level In Different Zones of 

Hindukush Himalayas with Particular Reference to Himachal Pradesh in India. Ind. J. 

Agricultural Economics. 61(3):421-422. 

Selvaraj.,2006, Food Security Concerns in Rainfed Rice Agriculture. Ind. J. Agricultural 

Economics. 61(3):422-423 

Shrivastava., 2006, Food Security in India: Status and Strategy Analysis. Ind. J. Agricultural 

Economics. 61(3):428-429 

Tewari, K.S., Dabas, S. P. Y., And Bardan, D 2006, Trends in Consumption of Food 

Commodities. Ind. J. Agricultural Economics 61(3):410-411. 

Wadkar., 2006, Food Security in India. Ind. J. Agricultural Economics. 61(3):427-428. 

 

   

https://byjus.com/free-ias-prep/global-hunger-index/
https://www.numbeo.com/food-prices/country_result.jsp?country=India


Environment and Sustainability Volume I 

    (ISBN: 978-93-91768-70-6) 

23 
 

MANGROVES -POTENTIAL PHYTOREMEDIATORS FOR  

COASTAL ECOSYSTEM 

Lakshmi Girish* and Pranali Shete 

Smt. Chandibai Himathmal Mansukhani College,  

Ulhasnagar, Maharashtra 

*Corresponding author E-mail: lakshmig7503@gmail.com  

 

The hazardous man made organic and inorganic xenobiotics including heavy metals 

poses a great threat to all living organisms on the earth.  There are different conventional 

physical and chemical remediation process used for pollution removal. In bioremediation 

techniques humans take the advantages of microorganisms (bacteria, fungi, actinomycetes) and 

plants for their efficiency in detoxifying or removing the pollutants.    

 

PHYTOREMEDIATION 

Phytoremediation is an ecologically and environmentally sound, non-destructive, cost 

effective, green, solar-energy driven clean-up technology that utilizes the inherent abilities of 

living plants and rhizosphere microorganisms based on the concept of using nature to cleanse 

nature (Etim, 2012). During phytoremediation the polluted areas are restored by either ex-situ or 

in-situ method, or pollutants present in the soil, air or water are either transferred, adsorbed, 

immobilised and stabilised or degraded, or detoxified by the plants. Plants use natural 

biophysical or biochemical mechanisms to remediate the pollutants such as stabilization, 

adsorption, transport, and translocation, hyperaccumulation, transformation and mineralization in 

order to remediate pollutants (Mullai et al., 2014). 

Phytoremediation does not require addition of fertilizer which increases treatment costs 

and does not produce secondary wastes that require further treatment and hence it is considered 

as a optimal benign remediation option in metal-contaminated coastal sediments (Prasad, 2003). 

Some plants have high tolerance to heavy metals which help them to survive in toxic soil. The 

various mechanisms used by hyperaccumulator plants are high-affinity transport systems across 

the plasma membranes, roots growing efficiently in the metal-stressed regions, and developing 

dense root systems with intricate fine roots helping a large surface area to absorb metals in 

metal-contaminated soils/sediments. 

The successive steps adopted by hyperaccumulators to absorb metals are adsorption and 

transportation of metals across the membrane of roots cells and then loading the metals into the 
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xylem and translocation to the shoots and leaves followed by metal detoxification within plant 

tissues such as epidermis, trichomes, and cuticles. Some plants exclude the metals by restricted 

uptake or root–shoot transfer of metals while others tolerate high metal concentrations in their 

tissues through binding of metals with organic compounds, metal compartmentalization at 

cellular or by subcellular levels, and metabolic alternations. Some plant adopt  rhizosphere 

degradation, which involves promoting the growth of bacteria underground in the root zone, 

which then break down pollutants (Yang et al., 2005; Etim, 2012). Phytoextraction or 

phytoaccumulation, rhizofiltration, phytovolatilization, phytostabilization, phytodegradation, 

hydraulic control and rhizodegradation are some of the phytoremediation mechanisms used by 

plants and its efficiency depend on the bioavailability of contaminant and nature of soil or 

sediment.  

 

MANGROVES AS PHYTOREMEDIATORS 

Mangroves are unique coastal ecosystem of tropical and subtropical regions of the world 

which are physiologically tolerant to high pollutant levels. Excess nutrients and contaminants are 

absorbed by mangroves saving nearby marine ecosystems. Mangroves thereby becomes metal 

tolerant because they are constantly exposed to heavy metal contamination in the surrounding 

sediment. 

According to Harbison (1986) metals in mangrove ecosystems are adsorbed to surfaces of 

clay and fine silt, entrapped within the lattice structure of silicate clays, adsorbed to Fe and Mn 

oxides and precipitate as sulphides or immobilized within the biomass of rhizosphere 

microorganisms. Metallic pollutants are absorbed and accumulated by some plants through their 

root systems, which are then stored in various plant compartments (Tangahu et al., 2011).  

Phytoremediators can be categorised as excluders (for phytostabilization), accumulators 

(for phytoextraction), and indicators based on physiological mechanism (Baker, 1981). 

Excluders restrict contaminant uptake and accumulation, while accumulators translocate 

contaminants from roots to above ground biomass. As a result, the concentration of metal in the 

parent soil is mirrored by a corresponding concentration in the shoots. But indicator plants 

restrict the transfer of pollutants from roots to shoots. In mangrove forests, phytoextraction 

(metal uptake and removal) and phytostabilization (metal immobilisation in or near the 

rhizosphere) are viable options of remediation (Paz-Alberto and Singua, 2013).  

The bioaccumulation potential of heavy metals in mangroves are considered as one of the 

markers for monitoring coastal pollution. Because mangrove sediments are anaerobic and have a 

high sulphide content, they have a high metal binding capacity, which allows them to quickly 
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collect metals and raise their concentration in the sediments. This increased metal concentration 

leads to bioaccumulation in plant tissues (Mac Farlane et al., 2003). The ability of mangroves to 

absorb pollutants is determined by the type of pollutants, plant species, and environmental 

conditions (Cheng, 2003). 

Heavy metal phytoremediation in mangroves takes place by either phytoextraction, 

phytostabilization or phytovolatilization and the absorbed metals are then accumulated in root, 

stem, and leaves.  Heavy metal concentration in stems and leaves takes place by phytoextraction. 

While metals are accumulated by the roots or precipitated inside the rhizosphere during phyto 

stabilization, reducing metal mobility in the polluted soil. During phytovolatilization, soil heavy 

metals are transformed into volatile chemical species, which are then released into the 

atmosphere via plant leaves during transpiration (Nascimento and Xing, 2006).  

Phytoremediation potential of different species of mangroves have been studied by 

various workers especially on metal removal from coastal water and sediments and it varies 

greatly within genera (Mitra, 2019). Cu, Cd, Cr, Fe, Mg, Ni, Pb, and Zn have been demonstrated 

to be stabilised in the root by an effective excluder Rhizophora mucronata (Pahalawattaarachchi 

et al., 2009). Rhizophora mucronata is suited for metal stabilization of Mn, Zn and Cu in 

mangrove ecosystems because of long-life span, high biomass production and extensive root 

system. Rhizophora stylosa can absorb a high concentration of cadmium (Cd) (Wen-jiao et al. 

1997). R. apiculata are potential accumulators for Hg and Pb (Chowdhury et al. 2017).  

Avicennia marina has a strong ability to absorb lead (Pb, 83.8 %) and Cd (74.%), while Kandelia 

candel has a high ability to absorb copper (Cu, 70.5 %) and nickel (Ni, 70.5 %).  

Studies have shown that the roots of Ceriops decandra and Bruguiera sexangula may 

accumulate more Hg (0.83 g g-1 and 0.94 g g-1, respectively) than the stem and leaf of these 

plants. This is due to less mobility of toxic heavy metals within the plant body. The mode of 

heavy metal accumulation in both Bruguiera and Ceriops was in the order of Cd>Pb>Hg. 

Bruguiera is identified to be a hyper acuumulator and can be used for plantation programme in a 

polluted area for sustainable management (Gupta and Chakrabarti, 2013).  

 The bioaccumulation coefficient (BAC), is the ratio of metal concentration in plants to 

that in sediment, is measure of ability of plants to acquire metals from sediments. The BAC of 

Avicennia marina was highest for Cu and lowest for Mg, whereas the BAC of Rhizophora 

mucronata was highest for Cu and lowest for Mn. Both the species are efficient in taking up and 

translocating Cu. The higher translocation of Zn and Cu  from roots to shoot may be because 

there are  essential nutrients for plant systems (Mullai et al., 2014). Avicennia alba can be 

considered for phytoremediation of Cr in coastal areas (Titah and Pratikno, 2020). According to 
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Telave et al. (2020), Avicennia marina and Sonneratia apetala are important bioaccumulator of 

iron and cobalt respectively.  In comparison to Rhizophira mangle, leaves of Avicennia 

germinans showed consistently greater metal contents (Mercado and Aribal, 2020; Gupta and 

Chakrabarti, 2013). Because of its deep and extensive root system, Avicennia germinans is 

widely known for its ability to trap and absorb minerals from seawater. Ramos and Geraldo 

(2007) reported that Avicennia schaueriana, Laguncularia recemosa, and Rhizophora mangle, 

can be utilised as biological indicators of heavy metal pollution because the metal 

bioaccumulation was in the order Zn>Pb>Cr>Cu>Cd. According to Zhou et al. (2011), 

accumulator mangrove plants can collect and store non-essential metals in their perennial tissues, 

reducing metal export via leaf litter transportation. Mac Farlane et al. (2004) reported that high 

concentration of Cu was deposited in root tissues of A. marina, while roots and leaves of 

Sonneratia caseolaris exhibit a high concentration of Cu and Pb. Sonneratia apetala and A. 

officinalis can accumulate large amounts of Cu (25.89 mg/kg), Fe (1376.7 mg/kg), and Cr (2.85 

mg/kg) in the pneumatophores. (Chowdhury et al., 2017). The mangroves adopting the 

phytostabilization and phytoextraction strategies can be used for remediation of trace metals 

from domestic wastewater, agricultural runoff, and industrial effluents (Sarkar, 2017).  

In phytoremediation techniques the pollutants must be effectively transferred from root to 

shoot so that rapid harvest and removal of contaminants from the ecosystem would be possible. 

The mangrove sediment and the mature organs of mangroves accumulate and retain heavy 

metals for long periods.  This increases with aging of leaves, but once the mangrove leaves and 

aerial parts become senescent, the stored metals are returned and get accumulated in the roots 

and upper layers of the sediments. Only Cu is reported to be reabsorbed prior to leaf shedding 

(Almahasheer et al., 2018). Depending on biogeochemical conditions, remobilized metals could 

either enter food chains via leaf consumption or serve as a significant source of metal pollution 

in the nearby ecosystems. As a result, when used as phytoremediators, the role of mangroves as 

heavy metal sinks through retention in woody sections must be assessed while taking into 

account remobilization via leaf shedding (Almahasheer et al., 2018).  

 

PHYTOREMEDIATION THROUGH CONSTRUCTED MANGROVE WETLAND 

TECHNOLOGY AND PHYTOMINING OF METALS 

Constructed wetlands are alternate wastewater removal solutions for heavy metals such 

as Pb, Cr, Zn, Fe, Mn, Ni, Cu etc. Constructed wetlands are systems that are designed to mimic 

the phenomena that occur in wetlands and use aquatic plants to remove contaminants from 

wastewater. Constructed mangrove wetlands could be a promising field to compensate for the 
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remobilization of heavy metals in natural habitat.  Mangrove wetlands are extremely effective at 

adsorbing and absorbing pollutants such as nitrogen, phosphate, heavy metals, and hazardous 

organic pollutants that are found in wastewater (Zhang et al., 2010). In constructed mangrove 

wetlands, the removal efficiency of nutrients and metals from wastewater ranged from 75 - 98 % 

and 88-96 % respectively (Ke and Tam, 2012). Sonneratia apetala, Brugiera cylindrica, 

Rhizophora mucronata, along with other mangrove associates are ideal choices for constructed 

wetlands. The vegetative parts of mangrove plants after metal removal can be periodically 

harvested and used for phytomining of crude metals. Phytomining allows for the extraction of 

industrially essential heavy metals. In recent time phytomining has received a lot of attention for 

recovering metals from soils (Robinson and Anderson, 2021). 

Hyperaccumulators and fast-growing species can be efficiently used for phytomining 

(van der Ent et al., 2013). Hyperaccumulators are chosen due to their exceptionally high metal 

accumulation capability. Even though fast-growing plants have a lower ability to extract metals 

than hyperaccumulators, their overall biomass production is typically much higher (Fischerová et 

al., 2006). Heavy metal phytoremediation can thus be performed using constructed mangrove 

wetlands. Metals can be recovered from plant parts using phytomining techniques, reducing the 

risk of metal remobilization in sediments via leaves and other plant components. Hence 

mangroves can be used as potential phytoremediators either in situ or in constructed wetlands for 

effective heavy metal removal. Mangroves act as phytoremediators of pollutants and thus 

safeguard coastal ecosystem. 
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ABSTRACT: 

The green economy places a strong emphasis on environmental protection. Polluted sites 

must be cleaned up before they may be redeveloped or returned to its natural form due to 

industrial activity, pesticide and fertiliser use, or the emission of other pollutants.Environmental 

contamination is one of the world’s greatest existential threats. Humans began disposing of 

hazardous garbage in natural regions throughout the Industrial Revolution, severely degrading 

these habitats and endangering human and animal health. Cleaning up pollution in the 

environment is critical for everyone’s health. However, because the problem is so large, many 

individuals are naturally overwhelmed when it comes to tackling it.  

 

KEYWORDS: Environmental, Remediation, Green, Sustainability. 

 

INTRODUCTION: 

 Pollution or toxins are removed from water and soil through environmental 

remediation. These waste products/toxic substances are removed in order to preserve human 

health and the environment. Greenhouse gases, hazardous chemicals, particulate particles, oil 

spills, radioactive contamination, plastic garbage, and other types of rubbish are all examples of 

pollutants. Mining, drilling, deforestation, chemical processing, agriculture (using pesticides and 

fertilisers), and manufacturing can all emit toxins into the soil, air, and water (including 

groundwater).  

The following steps are frequently included in the remediation process: 

SITE ASSESSMENT: 

Typically, remediation projects begin with a site evaluation to evaluate project costs and 

the technology that would be most appropriate for the specific location. Assessments must be 

conducted to detect any potential hazards to the project’s workers, as well as to analyse the 
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impact of pollution on the surrounding community and the project’s overall environmental 

impact (Jayaweera, 2003; Hudson, 2006). 

 

DETERMINING REMEDIATION METHODS:  

Following that, experts will decide the best cleansing methods. Excavation, dredging, 

oxidation, soil vapour extraction, thermal desorption, pump and treat, nanoremediation, and other 

environmental remediation procedures are used.  

 

Figure1: Sources of Environment Contamination 

 

SELECTING SAFETY MEASURES: 

Environmental remediation experts will also determine what safety precautions must be 

taken to protect the cleanup crew and the surrounding population from injuries, toxic chemical 

exposure, and wrongful death. Rezoning may be required during or after a remediation operation, 

so specialists engage with government officials to explain the remediation process and how it 

may impact daily living. 

 

REMEDIATING THE AREA: 

The cleanup will subsequently be carried out by environmental remediation specialists in 

accordance with local and federal rules. 
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FURTHER EVALUATION: 

Specialists will re-examine the area after the cleanup is completed to see if their efforts 

were successful or if additional remediation is required. 

Environmental remediation include soil, sediment, groundwater, and surface water, 

among other environmental media. Groundwater and surface water are included in water 

remediation, while topsoil, subsoil, and sediment are included in soil remediation. Depending on 

the nature and amount of the pollution, soil and water cleanup may be done individually or 

jointly (Khire et al., 2018). 

 

REMEDIATION TECHNOLOGIES 

Based on where treatment techniques are used, there are two types of environmental 

remediation: 

 Methods of in-situ remediation address contaminants on-site without removing soil. 

 Ex-situ remediation entails extracting and treating soil or sediment before restoring it to 

its natural state. 

The following are some examples of frequent remedial approaches: 

EXCAVATION: 

Excavation of contaminated soil from a site entails digging it up for treatment "ex situ" 

(above ground) or landfill disposal. Excavation may also entail the removal of old chemical 

drums and other potentially polluted subsurface detritus. Removing these possible sources of 

pollution keeps people safe from contamination and speeds up the remediation of any 

contaminated groundwater that may exist.Excavation for small quantities is extremely 

straightforward, quick, and cost-effective under any soil and pollutant circumstances. 

 

THERMAL DESORPTION: 

Thermal desorption is a technique for cleaning polluted soils. Because this approach 

relies on heat to evaporate the pollutants, it can only be used with volatile substances. Oil 

refining wastes, coal tar wastes, wood-treating wastes, creosotes, fuels, PCBs, mixed wastes, 

pesticides, and paint wastes are among the most common organic hydrocarbon wastes. The 

wastes with low boiling points are forced to transform into vapour, which can be collected and 

treated in an off gas treatment unit, by applying heat to the contaminated soils. This means that 

the soil can be used for various purposes without fear of contamination. This benefit is frequently 

valued since landfill space and soil can usually be preserved (Figure 2). 
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Figure 2: Schematic Diagram of Thermal Desorder 

 

Several soil parameters must be considered in order to use thermal desorption. The 

moisture, flexibility, heat capacity, particle size, and bulk density of the influent soil are all 

factors to consider. Because of the extra energy necessary to dry the soil before treatment, the 

cost of treatment is much higher if the moisture content of the soil is too high (typically above 

20%). Soils with a high proportion of fines (such as clays and silts) are also unsuitable for this 

process because fine particles are released as dust, which clogs and destroys the apparatus used 

to collect the vaporised impurities. 

 

PUMP AND TREAT: 

Pump and treat is a common method for removing dissolved pollutants from 

groundwater, such as industrial solvents, metals, and fuel oil. The contaminated groundwater is 

pumped from wells to an above-ground treatment facility. The contaminated plume is also 

contained using pump and treat systems. Containing the plume by pushing contaminated water 

toward the wells prevents it from spreading. Contaminants are kept out of drinking water wells, 

marshes, streams, and other natural resources thanks to this pumping. Installing one or more 

wells to extract contaminated groundwater may be part of the pump and treat approach (Guo et 

al., 2007). 

Pumping and treating polluted groundwater is a safe approach to clean it up while also 

preventing it from spreading to other locations where it could harm drinking water supplies, 
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wildlife habitats, or recreational rivers and lakes. Pumping brings contaminants to the surface of 

the ground, but it does not expose people to it. 

 

BIOREMEDIATION: 

Bioremediation is a metabolic process that uses biological organisms to remove or 

neutralise an environmental pollution. Microscopic organisms such as fungi, algae, and bacteria 

are included in the "biological" species, as is the "remediation"—the treatment of the 

issue.Bioremediation technologies became widely used and are still increasing at an exponential 

rate today. Because of its environmentally benign characteristics, bioremediation of polluted 

places has proven to be effective and trustworthy. Recent advancements in bioremediation 

techniques have occurred in the last two decades, with the ultimate goal of successfully restoring 

damaged areas in an economical and environmentally beneficial manner. Bioremediation has 

several advantages over chemical and physical remediation approaches, including being 

environmentally benign and cost-effective. 

 

Figure 3: Process of Bioremediation 

 

Bioremediation works by reducing, detoxifying, degrading, mineralizing, or transforming 

more hazardous contaminants into less toxic ones. Pesticides, agrochemicals, heavy metals, 

xenobiotic compounds, greenhouse gases, hydrocarbons, nuclear waste, and sludge are among 
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the pollutants that can be removed. Toxic waste is removed from a polluted environment using 

cleaning techniques. Through the all-encompassing and action of microorganisms, 

bioremediation is heavily involved in the degradation, eradication, immobilisation, or 

detoxification of various chemical wastes and physical dangerous elements from the surrounding 

(Atagana et al., 2003; Head et al., 2012). 

Biodegradation is a very profitable and appealing technology for cleaning, controlling, 

and restoring polluted environments through microbial activity. The rate of degradation of 

undesirable waste substances is determined by competition with biological agents such as fungi, 

bacteria, and algae, as well as an insufficient supply of essential nutrients, unpleasant external 

abiotic conditions (aeration, moisture, pH, temperature), and low bioavailability. Bioremediation 

is dependent on a number of parameters, including cost, site features, and the kind and 

concentration of pollutants. 

 

SVE (SOIL VAPOUR EXTRACTION): 

SVE (soil vapour extraction) is a vacuum extraction technique. The major approach of 

cleanup is based on the volatility of petroleum hydrocarbons. The vapour pressure differential 

between petroleum and water or petroleum and soil are used in SVE. Typically, the technique is 

used to extract more volatile petroleum compounds like gasoline and aviation fuel (Braida et al., 

2000).  

 

Figure 4: Schematic Diagram of SVE 
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By extracting the more volatile parts from the soil, it can also be used to limit the 

mobility and hazard of diesel, kerosene, and some heating oils. Chemicals with a boiling point 

less than 250°C and a high vapour pressure are usually excluded from SVE (greater than 0.5 

mmHg). SVE tends to remove chemicals from water with a Henry Law constant greater than 100 

atmospheres. 

In the vadose zone in or near the contaminated soil, slotted wells are placed during the 

SVE process. A vacuum pump is linked to the well's surface seal. The slotted wells are 

vacuumed, causing a subsurface airflow to travel through the absorbed soil–petroleum matrix. 

Volatile components move from the liquid phase into the vapour phase, then into the slotted 

wells, using vapor-phase equilibrium as the driving force. The vacuum extraction mechanism is 

used to remove these components once they reach the slotted wells. 

 

NANOREMEDIATION: 

 

Figure 5: Schematic Diagram of Nanoremediation 

 

Nanoremediation cleans polluted media with designed nanoparticles, and it is less 

expensive and more effective than most traditional approaches. Nanoremediation is a long-term 

solution for removing new contaminants like pharmaceuticals and personal care items. 

Nanomaterials could be used in water, soil, or air media due to their diversity and versatility. For 

water, soil, and air cleanup, various nanomaterials such as metal, carbon, polymer, and silica are 
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used. Nanomaterials’ main technique for adsorbing pollutants is to have a high surface-to-

volume ratio. However, one of the main disadvantages of nanomaterials is the increase in surface 

area, which leads to the formation of the flocculation phenomena and probable particle 

coalescence. 

Nanobioremediation is a new technology that has piqued researchers’ interest in recent 

years, with promising findings for controlling harmful contaminants such as heavy metals in soil 

and water using biosynthetic nanoparticles. Nanoremediation is an exciting new approach for 

dealing with environmental contamination, particularly stubborn pollutants. 

 

STABILIZATION AND SOLIDIFICATION (S/S): 

S/S is a soil remediation procedure in which contaminants are rendered immobile through 

interactions with additives or processes. Contaminants may be chemically bound or encapsulated 

into a matrix during this procedure, which is also known as immobilisation, fixation, or 

encapsulation (Paria et al.,2006) procedure can be carried out in-situ or ex-situ. Extraction and 

backfilling are required for ex-situ solidification, whereas injection of stabilising substances into 

the soil is required for in-situ solidification. 

 

CONCLUSIONS AND CHALLENGES: 

A number of organic and inorganic pollutants, such as PAHs, PCBs, and pesticides, are 

resistant to degradation and pose a toxicological concern to both wildlife and humans. 

Bioremediation has emerged as a green, appealing, and viable alternative to standard physico-

chemical procedures for hydrocarbon remediation at a contaminated site, as it is more cost-

effective and selectively degrades pollutants without harming the land or its native flora and 

fauna. Due to the limits imposed by substrate and environmental variability, as well as the 

restricted biodegradative capability and survivability of naturally existing microorganisms, 

bioremediation technologies have had limited uses.It is critical to combine several disciplines 

such as microbial ecology, biochemistry, and microbial physiology, as well as biochemical and 

bioprocess engineering, in order to design commercially viable remediation procedures. 
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ABSTRACT: 

Agricultural biodiversity, often known as agrobiodiversity, is a subset of general 

biodiversity related to agriculture. It is described as "the diversity and variability of animals, 

plants, and microorganisms at the genetic, species, and ecosystem levels that support the 

ecosystem structures, functions, and processes in and surrounding production systems, and that 

generate food and non-food agricultural products." Agrobiodiversity is maintained by farmers, 

pastoralists, fishermen, and forest dwellers, and it gives stability, adaptation, and resilience to 

rural communities across the world. Agrobiodiversity is critical to sustainable food systems and 

diets. Agricultural biodiversity may help with food security, nutrition security, and livelihood 

security, and it is crucial for climate adaptation and mitigation. 

 

INTRODUCTION: 

Agrobiodiversity, a subset of biodiversity, is the result of approximately 12,000 years of 

continuous interaction between biological beings, land, technology, and social systems (Partap 

and Sthapit, 1998). 

Agricultural biodiversity traces its origins to the interaction between genetic resources, 

the environment, and diverse management approaches.  

 Food, fodder, fiber, fuel, and pharmaceuticals are made from genetic resources (varieties, 

breeds, and species). 

 Additionally, it includes non-harvested species whose existence encourages productivity 

(soil microbes, predators, pollinators), as well as those in surrounding environments that 

support agroecosystems (agricultural, pastoral, forest, and aquatic). 

mailto:ankitthakur811@gmail.com


Bhumi Publishing, India 

40 
 

Agrobiodiversity refers to the variety and variability of living organisms that contribute 

to food and agriculture in the broadest sense, and that are associated with cultivating crops and 

rearing animals within ecological complexes (Qualset et al., 1995). 

As described by UN Convention on Biological Diversity (CBD), “the Agricultural 

biodiversity is a broad term that includes all components of biological diversity of relevance to 

food and agriculture, and all components of biological diversity that constitute the agricultural 

ecosystems, also named agro-ecosystems: the variety and variability of animals, plants and 

micro-organisms, at the genetic, species and ecosystem levels, which are necessary to sustain key 

functions of the agro-ecosystem, its structure and processes.” 

Agriculture's biodiversity results from interactions between genetic resources, the 

environment, and farmer management systems and practices. Natural selection and human 

inventiveness have produced this variation over the millennia. 

CBD increases agricultural biodiversity in the following ways: 

1. Food and agriculture genetic resources 

2. Biodiversity components that provide ecosystem functions 

3. Non-biological variables 

4. Social, economic, and cultural aspects 

Plant and animal genetic diversity, such as crop wild relatives, can be considered 

agrobiodiversity, as can diversity found within and among the species of the agro-ecosystem that 

contributes to food and agriculture (i.e., through planned and domesticated biodiversity) 

(Perrings et al., 2006; Jackson et al., 2007; Smale and Drucker, 2008). 

Agrobiodiversity is a science that has emerged in the last ten years. It is presented here in 

its most significant conservation characteristics. In agrobiodiversity research, one goal is to 

reintroduce more diversity into modern agriculture and horticulture. This diversity can be from 

gene banks, botanical gardens, and zoological gardens, as well as from other secondary sources. 

We need to expand the foundation of agricultural and horticultural resources for human and 

animal sustenance by using natural and cultivated resources in a sustainable way. This includes 

animal and plant genetic resources. 

Agrobiodiversity is crucial for maintaining the health and sustainability of Mother Earth 

because it impacts ecosystem functioning, ecological health, and human livelihoods (FAO, 

2019). The agrobiodiversity provides people with food, medicine, fiber, fuelwood, and other 

resources (Brush, 2004; Frison et al., 2011). It is also considered an important ingredient for 

food and nutritional security as well as our survival. 
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Sustainable practices aimed at enhancing agrobiodiversity also contribute to the health of 

ecosystems and the environment by benefiting productivity, biodiversity, and people in the local 

area (Scherr et al., 2008). Agroecosystem performance improves when high-yielding and pest-

resistant genotypes are combined (Jackson et al., 2007). 

In the agrobiodiversity subset of biodiversity, the importance is greatest. Further, it 

consists of six major components and four minor components. 

The six components are: Crops, Forages, Livestock, Aquatic, Insects and Microorganisms 

i. Crops: Crop components include both agronomic (cereals, pseudo-cereals, millets, 

pulses, oilseeds, sugar, starch, and fibre) and horticultural (vegetables, spices, 

beverages, fruit, ornamental, and domesticated medicinal) crops. 

ii. Forages: Grass, trees, and shrubs that thrive on farmland or in forests are considered 

forage species. Wild edible forages are plant species that are edible to animals. 

iii. Livestock: Livestock includes both wild and domesticated animals, as well as birds 

with direct economic value. 

iv. Aquatic: Agricultural animals and plants that dwell in watery areas are included in the 

aquatic component. 

v. Insects and Microorganisms: The insect and microbe component contain only helpful 

and economically valuable species. Insect genetic resources include moths, 

butterflies, and other insects, as well as spiders and worms, whereas microbial genetic 

resources include fungi, lichens, algae, bacteria, and other microorganisms. Beneficial 

insects and bacteria have an indirect positive influence for humanity, whereas 

economic species have a direct positive impact. Wild edible insects and 

microorganisms include beneficial and edible species. 

The four sub-components are: 

a. Domesticated 

b. Semi-domesticated  

c. Wild relatives and  

d. Wild edible  

 

Benefits of Agrobiodiversity 

 Productivity, food security, and economic returns are all increasing. 

 Reduces the impact of agriculture on sensitive regions, forests, and endangered animals. 

 Enhances the stability, resilience, and sustainability of agricultural systems 

 Contributes to effective pest and disease control 
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 Improves soil fertility and health while conserving soil. 

 decreases dependency on external inputs 

 Improves human nourishment while also providing medical and vitamin supplies. 

Maintain the stability of ecological structure and species diversity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Scope of agrobiodiversity (GR, Genetic resources). Source: Joshi 2017 

 

Human food production methods have always relied on agrobiodiversity, which has also 

brought cultural, spiritual, religious, and aesthetic value to human civilizations (Brush, 2004). 

1) Genetic resources for food and agriculture: 

 Crops, wild plants gathered and maintained for food, farm trees, pasture and 

rangeland species are all examples of plant genetic resources.  

 Domesticated animals, wild animals hunted for food, wild and farmed fish, and 

other aquatic species are all examples of animal genetic resources.  

 Microbial and fungal genetic resources 

2) Biodiversity components that support the ecological services on which agriculture 

depends. In various ways, these organisms maintain the ecosystem's nutrient and pest cycles, 

control disease and pest populations, pollinate plants, regulate pollution and sediment, maintain 

the hydrological cycle, reduce erosion, regulate climate and sequester carbon. 

3) Abiotic factors that influence agricultural biodiversity include local climatic and chemical 

elements, as well as the physical structure and functioning of ecosystems. 
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4) Dimensions of socioeconomics and culture. Humans are largely responsible for shaping and 

maintaining agricultural biodiversity, and many people depend on agricultural biodiversity for 

their livelihoods. Cultural factors, participatory processes, farmland biodiversity, agriculture-

related tourism and participatory processes are just a few of these factors. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Agrobiodiversity conservation components with examples 

 

Components of Agrobiodiversity 

There are four main components of agrobiodiversity: 

 Biophysical diversity - This is the natural environment's diversity that regulates the 

intrinsic quality of the natural resource base used for production. It contains the innate 

resilience of the biophysical environment, which agricultural systems may utilize. It 

includes soil qualities and productivity, as well as natural plant life and soil biota 

biodiversity. 

 Management diversity - This is the natural environment's diversity that regulates the 

intrinsic quality of the natural resource base used for production. It contains the innate 

resilience of the biophysical environment, which agricultural systems may utilise. Natural 

plant life and soil biota biodiversity are also considered, along with soil qualities and 

productivity. 

 Agro-biodiversity - This has been defined as ‘‘The management and direct use of all 

types of biological species, including crop plants, semi-domesticated plants and wild 

species’’. It contains all plants that are used or valuable to humans, and it is analogous to 

total plant biodiversity in that it includes biota that are only indirectly useful to humans. 
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The variety of crop combinations and how they are employed to maintain or increase 

output, reduce risk, and improve conservation are important. 

 Organizational diversity - This is referred to as the 'socio-economic components,' and it 

includes variances in how farms are owned and managed, as well as how resource 

endowments are utilized. Factors to examine include labour, household size, household 

resource endowments, and reliance on off-farm jobs. Furthermore, farm age-group and 

gender dynamics, farm reliance vs. external sources of support, farm geographical dispersion, 

and uneven access to land are also aspects to consider. 

 

Figure 3: Elements of Agrobiodiversity:  

Main components and principal development issues 

 

An emerging paradigm for agrobiodiversity protection on farms. The following are 

common features of the paradigm to encourage on-farm conservation. 

 That the spread of modern varieties has been mainly responsible for an overall decline of 

traditional varieties 

  In situ conservation is better than ex situ conservation because ex situ conservation is 

static while in situ conservation is dynamic. 

 Farmers profit from spontaneous cross-pollination between crops and their wild relatives 

on their farms. 

 Traditional varieties are all 'locally adapted,' which makes them more useful to farmers 

than modern varieties. 
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Figure 4: Links between producers and users of environmental services obtained from 

dynamic, biodiversity-rich environments, each promoting biodiversity use and 

conservation through distinct processes (Noordwijk et al., 2004) 

 

Potential developmental benefits of Agrobiodiversity (Koziell, 1998 and Thrupp, 1998) 

Outputs  

 Improving food security through increasing the diversity of accessible plant and animal 

species, minimizing the risk of insect loss, and boosting climatic stress tolerance.  

 Increasing the availability of foods, drugs, and vitamins to improve nutrition and health. 

Boosting overall output through increasing biomass production.  

 

Agricultural Practices  

 Providing a larger range of products and job possibilities to sustain higher population 

densities. 

  Providing protection to crops from epidemic pathogens 

  Using indigenous plant production, tillage, soil management, and crop protection 

strategies that are acceptable to locals and have been tested in specific locations.  
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Society and Environment  

 Supporting ecological processes that are accessible to underprivileged people to reduce 

environmental risk. 

  Providing for livelihoods by offering a larger range of revenue and subsistence sources 

  Increasing local community empowerment with technology that are within their own 

resources and control 

 

Challenges to Agrobiodiversity 

 Crop genetic resources are being depleted as a result of the adoption of new crop 

varieties without regard for old types. For example BT cotton. 

 Similarly, there are issues about high-yield breeds for meat, milk, and eggs 

production. Crossbreeding of foreign breeds with indigenous breeds reduces the 

genetic diversity of the breeding pool. 

 Only around 7,000 of the world's 2,50,000 plant species have been utilized. 

 

Agrobiodiversity conservation strategies adopted worldwide 

For millennia, government institutions and their supporters have worked to conserve 

agrobiodiversity across the world. Farmers are also working to protect, manage, and exploit 

agrobiodiversity, both consciously and unconsciously. Ex-situ and in-situ agrobiodiversity 

conservation techniques are widely used (Maxted et al., 1997; UNCED, 1992), and it may be 

promoted through building live collections and germplasm banks, as well as introducing new 

species to agroecosystems (Long et al., 2003). 

In situ conservation 

In situ conservation refers to protecting and maintaining a diverse array in its natural 

habitat (UNCED, 1992). "In-situ conservation," according to the CBD (1992) “conservation of 

ecosystems and natural habitats and the maintenance and recovery of viable populations of 

species in their natural surroundings and, in the case of domesticated or cultivated species, in the 

surroundings where they have developed their distinctive properties”. It is associated with 

environmental sustainability vital “the continuous cultivation and management of a diverse set of 

populations by farmers in the agroecosystems where a crop has evolved” (Bellon et al., 1997). 

a. Table 1 summarizes the various in situ conservation approaches used by different 

countries. Farmers are encouraged to continue selecting and managing local crop 

populations through on-farm conservation (Brush 1999). 
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b.  Ex-situ conservation 

Ex-situ conservation is about conserving diversity outside of natural habitats (UNCED, 

1992) including gene bank storage (seed and field), in-vitro storage, pollen storage, and DNA 

storage (Maxted et al., 1997). 

Table 1: Various countries have adopted instances of in-situ, ex-situ, and on-farm 

preservation of natural resources (Chaudhary et al., 2020) 

Conservation 

strategy 

Condition of 

growth 

(Habitat) 

Examples of 

conservation 

methods 

Characteristics 

 Wild habitat Crop related to 

edible Wild plants 

and Uncultivated 

plants 

Economic Plants and 

livestock accessible for food and 

agriculture that sustain the economy, 

livelihoods, and well-being of humans. 

 

 

 

 

 

 

 

 

In situ 

On-farm Farmers’ field Local landraces have developed 

alongside natural, social, cultural, 

economic, and environmental change 

because they have been farmed by 

farmers for decades. 

Diversity block Several crops are grown in a single 

plot for demonstration, multiplication, 

regeneration, and awareness by local 

communities. 

Community seed 

bank 

An initiative by a community to 

conserve and distribute seeds, where 

seeds are stored in a house built 

locally. 

Field gene bank Biennial and perennial crops are often 

planted together in fields to conserve 

them. 

Participatory Crop 

Improvement 

(PCI) 

There are several varieties provided to 

farmers for them to grow and choose 

the best from (also known as "basket 

of choice"). 

Participatory Plant 

Breeding (PPB) 

Local germplasm is crossed with 

modern varieties to retain desired traits 

from both. 
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Ex situ 

 

 

 

 

Gene bank & 

preservation 

centers 

National gene 

bank& 

International gene 

bank 

Germplasm can be preserved for 

hundreds of years in high voltage cold 

storage, depending on the level of low 

temperature maintained. 

Seed vault Seeds are stored in the perennially 

snow-covered polar regions 

(permafrost), which are duplicate 

seeds or spare copies of germplasm 

stored in gene banks. 

 

 

Other ex situ 

sites outside 

gene banks 

 

Botanical garden Recreationally, many flowering and 

non-flowering plants are grown. 

Parks In protected areas, people collect wild 

food. 

Research stations A number of local landraces are 

planted at research stations for 

research and development.. 

 

Agrobiodiversity utilization and conservation: the human dimension 

It is often considered part of land stewardship, even when direct use values are not clear, 

to conserve and enhance agrobiodiversity in agricultural landscapes without high poverty levels. 

A well-connected group of people in a network, using their combined skills and knowledge to 

develop and implement conservation activities, is more likely to achieve sustained stewardship 

of natural resources in the long run (Pretty and Smith, 2004). Nature and the environment are 

fundamental components of social capital, which includes elements of social structure and 

organization that allow individuals to further their aims and interests regarding nature and the 

environment. Social capital has four characteristics: (1) trust relationships, (2) reciprocity and 

exchanges, (3) common rules, and (4) ties to networks and groups (Pretty and Ward, 2001). 

Research that shows the processes that link social and natural capital for agrobiodiversity 

conservation is a high priority (Katz, 2000; Rodriguez and Pascual, 2004).  

 

CONCLUSIONS AND RESEARCH NEEDS: 

Agrobiodiversity is essential for agricultural communities' food and nutrition security, as 

well as their ability to adapt to climate change. Its maintenance and proper usage are 

consequently necessary to ensure the survival of human existence on the planet. 
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Despite the fact that agrobiodiversity receives less attention in today's agricultural landscapes, 

local crop types are vital to a substantial amount of the world's food security. Given predicted 

population increase, urbanisation, and changing climatic conditions, the importance of 

agrobiodiversity and indigenous seed systems in developing countries is expected to rise even 

more (Abay et al., 2011; Jalloh et al., 2012). 

In wealthier countries, a better appreciation of the importance of agrobiodiversity is 

growing, both from a conservation biology aspect and in anticipation of future fossil fuel 

constraints. (Tilman et al. 2011; Pautasso 2012; Portis et al. 2012). 
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ABSTRACT: 

Abiotic stress has a negative impact on a variety of morphological, biochemical, and 

physiological processes that are directly related to plant development and production. Because 

abiotic stress is a quantitative property, genes linked to it may be discovered and used to choose 

plant tolerance alleles. Plants can go through a variety of molecular, cellular, and physiological 

changes in order to respond and adapt to abiotic stress. Drought, salt, and cold all have a 

significant influence on crop yield. Abiotic stress limits water availability to plant roots by 

increasing water-soluble salts in the soil, and plants suffer from increased osmotic pressure 

outside the root. Changes in root and shoot length, the number of leaves, secondary metabolite 

accumulation (glycine betaine, proline, MDA, abscisic acid) in the plant, as well as changes in 

the source and sink ratio, are all examples of morphological and biochemical changes.  As a 

result, solutions are required, such as improving crop drought and salinity tolerance, which needs 

a deep understanding of plant tolerance processes. These systems cover a wide spectrum of 

molecular, cellular, and whole-plant responses, such as the production of appropriate 

solutes/osmolytes and radical scavenging mechanisms, among others. In terms of global change, 

increased atmospheric CO2 concentrations can improve salt and drought tolerance by mitigating 

oxidative stress and providing more energy for energy-dependent tolerance mechanisms such as 

the synthesis of compatible solutes and antioxidants, making plants more suitable as crops in the 

future. Multiple processes are involved in the molecular mechanisms underlying plant responses 

to abiotic stressors, including sensing, signaling, transcription, transcript processing, translation, 

and post-translational protein changes. In the future, a holistic approach that considers the 

several management choices for dealing with abiotic stress at the same time could be a win-win 

situation. 

KEYWORDS: drought, mechanisms, osmolytes, stress, tolerance  
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INTRODUCTION: 

Hans Selye introduced the notion of stress in 1936. It has also been used to describe 

negative environmental restrictions in plants. Plant stress, on the other hand, is defined 

differently than stress in animals and humans. According to global estimations, abiotic factors 

diminish agricultural output by 50% on average (Wang et al., 2007). The most prevalent are high 

temperatures (40%), salinity (20%), drought (17 %), low temperatures (15 %), and various kinds 

of stress (Ashraf et al., 2008). Plants are influenced to function in an oscillating environment, 

where normal external oscillations are countered by internal changes that have no negative 

impact on growth or development. Abiotic stress, also known as environmental stress, is the 

possibility that a plant will sustain physical harm as a result of extreme or persistently 

unfavourable environmental conditions. Any unfavourable influence of inanimate factors on 

living beings in a fixed environment is referred to as abiotic stress. To significantly change an 

organism's physiology or demographic output, a non-living component must alter the 

environment beyond of its usual fluctuation range. Due to continued climate change and 

environmental degradation brought on by human activities, physical stress has grown to be a 

significant threat to food security. The growth of plants and agricultural output are all impacted 

by cold, drought, salt, and heavy metals. Abiotic stress has a molecular effect on plants, 

beginning at the morphological level and expressing itself at all phases of plant growth when 

drought occurs. Vegetative growth, pre-anthesis, and terminal phase are the three main stages of 

plant development that are impacted by drought (Shavrukov et al., 2017). Plants' physiological 

reactions to stress include wilting of the leaf, abscission of the leaf, reduced leaf area, and 

reduced water loss through transpiration (Fghire et al., 2015). Development of drought-stressed 

crops significantly reduces the issue of excessive water usage in agriculture. Turgor pressure, 

one of the most sensitive physiological mechanisms involved in cell formation, is lowered. In 

higher plants, drought stress prevents water from flowing from the xylem to nearby elongating 

cells, hence limiting cell elongation. Due to cell elongation, inadequate mitosis, and expansion, 

drought pressure also reduces plant height, leaf area, and crop growth. Abiotic stress resistance 

includes escape avoidance and tolerance mechanisms. Stress can be mitigated by osmotic 

modification, which assists in the active buildup of solutes in the cytoplasm to preserve cell 

water balance (Shanker et al., 2016) Different plant species react differently to drought, 

depending on their developmental stage and other environmental factors (Demirevska et al., 

2009). Reduced absorption of photosynthetically active radiations, reduced radiation use 

efficiency, and a lower harvest index are the main implications of a restricted supply of soil 

moisture. (Earl and Davis, 2003). Plants modify their physiological processes and growth 
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patterns in response to the severe effects of drought stress (Duan et al., 2007). The gain in water 

consumption efficiency is mostly attributable to the formation of dry matter, which occurs when 

stomata close and there is less transpiration. Potatoes (Solanum tuberosum L.) shown decreased 

water usage efficiency when confronted with an early-season water limitation, which led to low 

biomass production and accumulation (Costa et al., 1997). Stomatal closure restricts CO2 supply 

during a drought, making the plant more vulnerable to solar damage (Lawlor and Cornic, 2002). 

Stress tolerance breeding needs to get greater attention in light of the shifting climatic 

circumstances that make plants more vulnerable to abiotic stress. To increase plant stress 

tolerance, researchers have recently started to utilise conventional and molecular breeding 

techniques. (Farooq et al., 2009). 

 

DROUGHT STRESS 

According to the Meteorology Glossary, a drought is "a period of abnormally dry weather 

sufficiently prolonged for the lack of water to generate a significant hydrologic imbalance in the 

afflicted area" (1959). The supply of nutrients and the life of plants both depend on water. As a 

result, plants become less vigorous due to drought stress brought on by a lack of water. 

(Ashkavand et al., 2018) 

Effect of drought on plants 

Plants may experience water stress due to high salt content. It becomes more challenging 

for roots to draw water from the soil because salt has a lower osmotic potential than water. Due 

to increased water loss through transpiration and evaporation, higher temperatures can further 

exacerbate drought stress. Stress can be brought on by a water shortage in both higher and lower 

temperatures. As the temperature goes below freezing, ice crystals develop in the extracellular 

spaces of plant cells, reducing the water potential and inducing intracellular water outflow. 

Numerous variables contribute to drought stress, which results in cell death, water outflow from 

cells, and plasmolysis. Water deficit stress is damaging because it lowers photosynthesis by 

affecting the thylakoid membranes. All of a plant's cells may become more ionised during 

drought stress, which might injure the plant. A complicated abiotic stress called drought stress 

directly affects plant growth and development, which lowers plant productivity. 

 

1. Response of plants to drought stress  

1. Physiological Response Root signaling under drought stress 

In response to drought stress, roots interact with shoots via the xylem, causing 

physiological changes that ultimately decide the severity of the stress response. ABA, cytokinins, 
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ethylene, malate, and other unknown chemicals have all been linked to root–shoot signalling. 

Stomatal closure, a crucial adaptation to the field's restricted water supply, happens as a result of 

the drought-induced root-to-leaf signal via the transpiration stream. ABA helps guard cells 

release K+ ions, which lowers turgor pressure and prevents stomata from closing. Due to a loss 

of cell turgor or a breakdown of the cell membrane, plant dehydration has been shown to result 

in a 50-fold rise in ABA levels (Guerrero and Mullet, 1986). Tests showing that the levels of 

ABA in the xylem sap of drought-stressed plants were significantly lower than the levels of 

exogenous ABA necessary to seal stomata in detached leaves have also raised questions about 

the significance of ABA as a root-to-shoot signal (Munns and King, 1988). Although other 

factors could potentially be involved, ABA is often the most important signal in controlling 

growth and transpiration. Another significant signal that could be sent from the roots to the 

shoots is cytokinins. Because they are mostly generated in roots, root-produced cytokinins may 

be crucial for drought responses as they are implicated in nutrient deprivation responses 

(Schachtman and Shin, 2007; Dodd et al., 2003). 

 

Photosynthesis 

The sites of entry for water loss and CO2 absorption are the stomata, and stomatal closure 

is one of the quickest reactions to drought stress, leading to a decrease in photosynthetic activity. 

Closing the stomata prevents CO2 from entering the leaves, favouring photorespiration over 

photosynthetic carbon uptake. It is evident that stomata close as drought stress increases when 
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examining prior studies as well as recent data on drought-induced photosynthetic responses. It is 

well known that leaf water status and stomatal conductance interact even in the presence of 

drought stress and that there is a strong link between the two. It is now widely known that soil 

drying caused by the transpiration stream, which causes stomatal closure, facilitates drought-

induced root-to-leaf transduction. The "non-stomatal" mechanisms include adjustments to the 

synthesis of chlorophyll, structural and functional modifications to chloroplasts, and disruptions 

to the processes of assimilate accumulation, transport, and distribution. 

 

Water relations 

Relative water content serves as a marker for dehydration tolerance and may be used to 

determine a plant's water status by reflecting tissue metabolism. In comparison, RWC of leaves 

is greater in the early stages of leaf formation and declines as dry matter accumulates and leaves 

mature. RWC is connected to both the water that plants' roots receive in and the water they lose 

via transpiration. According to Nayyar and Gupta, many species of plants have seen a decrease 

in relative water content (RWC) as a result of drought stress. According to speculation, leaves' 

RWC and water potential significantly decrease when they are subjected to drought. The 

reduction in water availability, stomatal opening, and shutting have an impact on the plant's 

water relations. Additionally, a key element in controlling leaf water status during drought stress 

may be a change in the temperature of the leaf. By reducing moisture loss, drought-resistant 

plants maintain their water consumption efficiency. 

 

Osmolyte accumulation 

Osmotic adjustment, which refers to the process of increasing osmolyte concentration 

during drought stress, is highly reliant on the pace of plant water stress. Plants subjected to 

drought stress increase their concentration of proline as a first reaction to lessen cell damage. 

According to Szabados and Savoure (2009), proline can work as a chemical signal for the 

modulation of mitochondrial processes, impacting cell growth or damage and controlling the 

production of a specific gene, all of which can be crucial for a plant's ability to recover from 

stress. Stress resistance is strongly correlated with increased proline concentration under highly 

stressful situations in several plant species. According to reports, proline concentrations are often 

greater in stress-resistant plants than they are in stress-susceptible plants. Reduced oxidation of 

lipid membranes or photoinhibition, maintenance of membrane integrity under dehydration 

stress, and protein solvation and retention of the quarternary structure of complex proteins are all 

impacted (Demiral and Turkan, 2004). Additionally, it is accountable for stabilising subcellular 
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structures, scavenging free radicals, and buffering the redox potential of the cell under stressful 

circumstances (Ashraf and Foolad, 2007). 

 

BIOCHEMICAL RESPONSES 

Reactive Oxygen Species (ROS) 

Reactive oxygen species (ROS) are produced during droughts, which causes oxidative 

stress in plants (Farooq et al., 2009). The ROS, which include the O2, H2O2, and •OH radicals, 

can directly affect membrane lipids and accelerate lipid peroxidation (Mittler et al., 2002). 

Malondialdehyde content is elevated by increased ROS generation brought on by drought 

(MDA). MDA concentration has been used as a gauge for oxidation-related damage (Moller et 

al., 2007). The tissues experience an increase in oxygen uptake because both activities produce 

reactive oxygen species, especially H2O2. 

 

Antioxidant enzymes 

Every plant has a defensive system, which includes enzymes that catalyse the elaborate 

internal cellular cleansing necessary to enable proper cellular function (Horváth et al., 2007). 

The preservation of the equilibrium between ROS generation and antioxidative enzyme activity 

is what causes the damage (Moller et al., 2007). The complex enzymatic and non-enzymatic 

antioxidant system in plants has evolved to produce low-molecular-mass antioxidants like 

glutathione, ascorbate, and carotenoids as well as ROS-scavenging enzymes like peroxidase 

(POD), catalase (CAT), superoxide dismutase (SOD), and ascorbate peroxidase (APX), which 

reduce oxidative stress (Apel and Hirt, 2004). Through the collaboration of non-enzymatic 

antioxidants, the integrity of photosynthetic membranes has been preserved during oxidatives 

 

DROUGHT RESISTANCE MECHANISMS  

Different sorts of morphological, biochemical, and physiological reactions are induced in 

plants in response to drought stress in order to help them adapt and survive. 

1. Morphological Mechanism 

a. Escape 

Reduced life cycles or growth seasons can be used to avoid drought by allowing plants to 

reproduce before the environment dries out. Flowering period is an important factor in drought 

stress adaptation, since a shortened plant life cycle can help plants avoid drought (Araus et al., 

2002). When the development of the crop at various stages is well linked with windows of soil 
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moisture availability, where the growing season is shorter and terminal drought stress is more 

prevalent, drought escape occurs (Araus et al., 2002). 

 

b. Avoidance 

Due to stomatal management of transpiration and preservation of water intake through 

the large and prolific root system, several processes, including drought avoidance, are 

responsible for the decrease of water loss from plants (Turner et al., 2001; Kavar et al., 2007). 

Water extraction from great depths is greatly facilitated by a widespread and deep root system 

(Kavar et al. 2007). A desired characteristic for drought resistance is waxy bloom, also known as 

glaucousness, on the surface of leaves, which helps to maintain high water potential in tissues. 

 

c. Phenotypic Flexibility 

Different restrictions on the quantity and size of leaves are imposed by drought stress on 

plants, mostly to reduce water use and yield loss (Schuppler et al., 1998). The various 

morphological characteristics of roots are important elements for plant response to drought stress 

since it is well known that roots are responsible for absorbing water and nutrients from the soil 

(Kavar et al., 2007). A xeromorphic characteristic called leaf pubescence aids in shielding the 

leaves from high temperatures and increased rates of transpiration. According to reports, leaves 

with hair had lower leaf temperatures and transpiration rates (Sandquist and Ehleringer, 2003). 

On the other hand, given a certain characteristic, inter- and intra-specific variation is common. 

Under increasing temperature and radiation stress, hairiness in leaves and tissues boosts the 

reflection of light and lowers transpirational loss by raising the boundary layer tolerance to water 

vapour migration away from the surface of the leaf. 

 

2. Molecular Mechanisms 

Drought stress stimulates the transcriptional expression of several genes, which is also 

thought to be the cause of drought resistance (Kavar et al., 2007). Direct exposure to stress as 

well as subsequent stress or damage may increase gene expression..  

a. Aquaporins 

     Aquaporins are membrane-bound proteins that support and control the movement of water 

across membranes. They play a crucial part in controlling the movement of water between cells. 

For instance, they are widely expressed in roots, which are in charge of mediating the intake of 

water from the soil (Javot and Maurel, 2002). Additionally, a significant number of prolactin-
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inducible protein genes with poorer root water absorption ability are downregulated in transgenic 

plants (Javot et al., 2003). 

 

b. Stress Proteins 

Tall fescue (Festuca arundinacea) transgenic plants containing the dehydration-

responsive element-binding (DREB) gene1A gene have been reported to exhibit improved 

drought tolerance and elevated proline content (Zhao et al., 2007). Drought causes a variety of 

changes, including an increase in the expression of dehydrin-type genes and molecular 

chaperones, which guard cellular proteins from denaturation (Mahajan and Tuteja, 2005). 

Numerous genes are activated by diverse chemical signals produced during drought stress, which 

causes the creation of a variety of proteins and metabolites and results in the development of 

drought tolerance in a variety of plant species..  

 

MANAGEMENT STRATEGIES 

1. Selection and Breeding Strategies 

A linked response to selection in the controlled stress environment can be observed in the 

target population of habitats under natural stress (Venuprasad et al., 2007). The selection of 

allegedly drought-prone secondary features involves a deviation from conventional breeding, 

either independently or in conjunction with the selection index (Ludlow and Muchow, 1990). 

Under ideal circumstances, yields would be reduced by choosing plants with low transpiration 

rates at unchanged water-use efficiency. 

 

2. Molecular and Functional Genomics Approaches 

Transgenic expression of many genes under stress circumstances has increased the 

resistance to various abiotic stresses, according to research from a variety of fields and lab 

settings. For the creation of genotypes that are resistant to drought, many genetic engineering 

techniques have shown to be quite successful (Bahieldina et al., 2005). Differential display was 

regarded as one of the early techniques for searching simultaneously for changes in the amounts 

of cDNA fragments acquired from various samples' extracted mRNA during experimental 

procedures (Liang and Pardee, 1992). 

A key method for marker-assisted selection of plants with an interest trait is the discovery 

of Quantitative Trait Loci (QTL) in conjunction with drought tolerance. It stands out that 

combining traditional methods with genetic engineering, molecular breeding, and marker-
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assisted selection may make it possible to develop abiotic stress tolerance in many crops fairly 

quickly (Chaves and Oliveira, 2004). 

 

3. Induction of Drought Resistance 

Seed Priming 

The process of "seed priming" involves applying moisture to seeds up to a point where 

different germination-related metabolisms begin without the radical emerging (Farooq et al., 

2006). Primed seeds have reportedly demonstrated improved rates of germination, greater 

degrees of germination uniformity, and, to some extent, higher total percentages of germination 

(Kaya et al., 2006; Farooq et al., 2007). This approach has been used to reduce the impact of 

drought stress on many types of crops. 

 

 

Developing materials for drought tolerance 

 

Use of Osmoprotectants 

The most frequent osmoprotectants found in plants include proline, mannitol, trehalose, 

fructan, glycine betaine, and others (Zhu et al., 2002). They play significant roles in the osmotic 

pressure adjustment and the defence of subcellular structures in stressed plants. Ashraf and 

Foolad (2007) shortlisted 3 approaches for enhancement of the concentrations of these 

compounds in plants cultivated under conditions of higher stress for elevating their stress 
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tolerance: (1) application of conventional protocols of plant breeding and genetics for the 

development of cultivars with natural capabilities for production of higher levels of these 

compounds under conditions of stress, (2) genetic engineering of GM plants are capable of 

production of significant amounts of osmoprotectants in response to ecological stresses and (3) 

as a short-cut method, exogenous application of these osmolytes on plants for increasing the 

stress resistance ability. 

 

Table 1: Drought Tolerant varieties  

Sr. No. Crops Varieties 

1.  Rice SahabhagiDhan, Vandana, Anjali, Satyabhama, DRR Dhan 42 

2.  Wheat PBW 527, HI 1531, HI 8627, HD 2888,  HPW 349, PBW 644, 

WH 1080, HD 3043, PBW 396 

3.  Maize Pusa Hybrid Makka 1, HM 4, Pusa Hybrid Makka 5, DHM 121, 

 Buland 

4.  Barley RD 2660, K603 

5.  Chickpea Vijay, Vikas, RSG 14, RSG 888, ICCV 10, Pusa 362, Vijay 

6.  Groundnut Ajaya, Girnar 1, TAG-24, Kadiri 6, ICGV 91114 

7.  Soybean NRC 7, JS 95-60 

8.  Sugarcane Co 98014 (Karan-1), Co 0239, Co 0118, Co 0238 

9.  Cotton HD 324, CICR-1, Raj DH 7, Jawahar Tapti, Pratap Kapi,  Suraj, 

Surabhi, Veena, AK 235 

10.  Jute JBO 1 (Sudhangsu), JRO 204 

Source: Ministry of Agriculture & Farmers Welfare, Government of India 

 

CONCLUSION: 

 The deficiency of water decreases plant growth and development, resulting in reduced 

vegetative and reproductive growth and thereby reduced overall yield of crops. It has been 

reported that the reduced grain filling is reduced the concentration of sucrose and starch 

synthesizing enzymes. On exposure to drought stress, stomata close progressively along with 

declination in the rate of photosynthesis as well as water-use efficiency. The conductance of the 

stomatal movement is not regulated by the availability of water in soil alone but rather through 

the complicated interaction of various internal and external factors. The entire mechanism of 

resistance to drought involves a host of different biochemical as well as physiological processes 
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at the cellular, tissue as well as macro levels. Among different plant growth regulators abscisic 

acid, salicylic acid, and cytokinin have been considered to have a significant role in inferring 

resistance to drought. Management of effects of drought stress is possible by the production of 

suitable plant genotypes, priming of seeds, application of PGR, application of osmoprotectants, 

silicon as well as some other strategies. It has been reported that, like most abiotic stress, the 

foliar parts of plants are more affected than roots during drought. However, thrust should be 

given on overall knowledge of responses of root to drought stress, most relevantly involving the 

signaling mechanism of root-shoot for further research. Molecular breeding, as well as genetic 

engineering of plants, can help towards imparting resistance to plants under stress as well as 

giving good economic yield. 
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Schaffner, A.R., Bouchez, D. and Maurel, C., 2003. Role of a single aquaporin isoform in root 

water uptake. The plant cell, 15(2), pp.509-522. 

Kavar, T., Maras, M., Kidrič, M., Šuštar-Vozlič, J. and Meglič, V., 2008. Identification of genes 

involved in the response of leaves of Phaseolus vulgaris to drought stress. Molecular 

Breeding, 21(2), pp.159-172. 

Kaya, M.D., Okçu, G., Atak, M., Cıkılı, Y. and Kolsarıcı, Ö., 2006. Seed treatments to overcome salt 

and drought stress during germination in sunflower (Helianthus annuus L.). European journal of 

agronomy, 24(4), pp.291-295. 

Lawlor, D. W., and Cornic, G. (2002). Photosynthetic carbon assimilation and associated 

metabolism in relation to water deficits in higher plants. Plant Cell Environ. 25, 275–294. 

doi: 10.1046/j.0016-8025.2001.00814.x 

Liang, P. and Pardee, A.B., 1992. Differential display of eukaryotic messenger RNA by means of the 

polymerase chain reaction. Science, 257(5072), pp.967-971. 

Ludlow, M.M. and Muchow, R.C., 1990. A critical evaluation of traits for improving crop yields in 

water-limited environments. Advances in agronomy, 43, pp.107-153. 

Mahajan, S. and Tuteja, N., 2005. Cold, salinity and drought stresses: an overview. Archives of 

biochemistry and biophysics, 444(2), pp.139-158. 

Mittler, R., 2002. Oxidative stress, antioxidants and stress tolerance. Trends in plant science, 7(9), 

pp.405-410. 

Møller, I.M., Jensen, P.E. and Hansson, A., 2007a. Oxidative modifications to cellular components in 

plants. Annu. Rev. Plant Biol., 58, pp.459-481. 

Møller, I.M., Jensen, P.E. and Hansson, A., 2007b. Oxidative modifications to cellular components in 

plants. Annu. Rev. Plant Biol., 58, pp.459-481. 

Munns, R. and King, R.W., 1988. Abscisic acid is not the only stomatal inhibitor in the 

transpiration stream of wheat plants. Plant physiology, 88(3), pp.703-708. 

Nayyar, H. and Gupta, D., 2006. Differential sensitivity of C3 and C4 plants to water deficit stress: 

association with oxidative stress and antioxidants. Environmental and Experimental 

Botany, 58(1-3), pp.106-113. 

Plant Science. 2017;29:8. Available from: http://journal.frontiersin.org/ 

article/10.3389/fpls.2017.01147/full 

Sandquist, D.R. and Ehleringer, J.R., 2003. Population‐and family‐level variation of brittlebush 

(Enceliafarinosa, Asteraceae) pubescence: its relation to drought and implications for selection 

in variable environments. American Journal of Botany, 90(10), pp.1481-1486. 

http://journal.frontiersin.org/


Environment and Sustainability Volume I 

    (ISBN: 978-93-91768-70-6) 

65 
 

Schachtman, D.P. and Shin, R., 2007. Nutrient sensing and signaling: NPKS. Annual review of 

plant biology, 58(1), pp.47-69. 

Schuppler, U., He, P.H., John, P.C. and Munns, R., 1998. Effect of water stress on cell division and 

Cdc2-like cell cycle kinase activity in wheat leaves. Plant physiology, 117(2), pp.667-678. 

Selye, H., 1936. A syndrome produced by diverse nocuous agents. Nature, 138(3479), pp.32-32. 

Shanker AK, Shanker C. Abiotic and Biotic Stress in Plants—Recent Advances and Future 

Perspectives [Internet]. Rijeka: Intech Open; 2016. Available fromhttp://www.intechopen. 

Shavrukov Y, Kurishbayev A, Jatayev S, Shvidchenko V, Zotova L, Koekemoer F, et al. Early 

flowering as a drought escape mechanism in plants: How can it aid wheat production? 

Frontiers in Plant Science. 2017;17:8. DOI: http://journal.frontiersin.org/ 

article/10.3389/fpls.2017.01950/full. 

Szabados, L. and Savouré, A., 2010. Proline: a multifunctional amino acid. Trends in plant 

science, 15(2), pp.89-97. 

Turner, N.C., Wright, G.C. and Siddique, K.H.M., 2001. Adaptation of grain legumes (pulses) to 

water-limited environments. 

Venuprasad, R., Lafitte, H.R. and Atlin, G.N., 2007. Response to direct selection for grain yield under 

drought stress in rice. Crop Science, 47(1), pp.285-293. 

Wang, W., Vinocur, B. and Altman, A., 2003. Plant responses to drought, salinity and extreme 

temperatures: towards genetic engineering for stress tolerance. Planta, 218(1), pp.1-14. 

Zhao, J., Ren, W., Zhi, D., Wang, L. and Xia, G., 2007. Arabidopsis DREB1A/CBF3 bestowed 

transgenic tall fescue increased tolerance to drought stress. Plant Cell Reports, 26(9), pp.1521-

1528. 

Zhu, J.K., 2002. Salt and drought stress signal transduction in plants. Annual review of plant 

biology, 53, p.247. 

 

 

 

 

 

 

 

 

 

http://journal.frontiersin.org/


Bhumi Publishing, India 

66 
 

EDUCATION FOR SUSTAINABILITY AND ROLE OF  

HIGHER EDUCATION INSTITUTES 

Seema Yadav 

The Bhopal School of Social Sciences, 

BSSS, Bhopal 

Corresponding author E-mail: seemayadava123@gmail.com 

 

ABSTRACT: 

Since the dawn of humanity's economic, societal, and political predicament, 

environmental conservation has been a priority. Environmental protection is a requirement for 

long-term economic development and progress. New challenges and dimensions are added to the 

efficacy, efficiency, and quality of organisational decision-making as a result of environmental 

issues such as pollution, recycling, and possible changes in the planet's climate. The 

implementation of policies by teachers, the critical role of school administrators in the process, 

and the deeper linkages between curriculum and pedagogy are required to be addressed for 

sustainable education. Teachers, as well as the practical situations in which they work, are 

appreciated. Education is recognised as a catalyst for change for sustainable education and higher 

education institutes can function in the field of sustainability. 

KEYWORDS: Sustainability Education, Higher Education Institutes, Environmental 

conservation, Environmental Protection 

 

INTRODUCTION: 

Environmental issues appear to be escalating on a daily basis. Climate change, armed 

conflicts over natural resource extraction and pollution of air, water, and soil are among the most 

complicated concerns on the global stage. People must comprehend that natural resources are 

finite and that the planet's capacity to sustain life is limited in order to conserve them. 

The Western and modern worldview's notion of sustainable development is based on the 

ideological separation of humans and nature that underpins free-market democracy. The concept 

of encouraging well-being is reflected in the free market economy's concept of sustainable and 

economic development. The term "sustainability" refers to the awareness that economic 

expansion ambitions conflict with the natural world. The Western ideology and perspective on 

SD has been universalized through international legal principles, which is problematic because 

such an ideology has serious mostly negative implications for nature, necessitating the 
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recruitment of valid explanations from various societies around the world so that the problem can 

be examined through various societal lenses (Chandra, 2014). 

Both the Western and indigenous perspectives recognise the need to shift away from the 

current unsustainable route of progress. Nonetheless, the two worldviews are fundamentally 

different. The romanticised interpretations of how people are connected to all of creation are tied 

to the indigenous world view(Chandra, 2014). 

The citizenry must introduce into their day to day lives habits that improve the quality of 

our immediate environment, acting on it while thinking with a global focus and improving it by 

contributing solutions from any discipline or profession. Evidently, knowing how to act, to solve 

environmental problems and acknowledging those that are caused by people for climate change, 

pollution, social injustice, etc. 

With regard to the three spheres of SE, students exhibited a pro-environmental attitude 

towards everything that is environmental, understanding that care must be given to natural 

environments such as mountains, beaches, deserts, etc. and the planet’s physical environment 

example the air, the ozone layer, the polar icecaps, rocks, noise, water , etc., including the urban 

environment example parks, noise, chewing gum, more ecological transportation, etc., with all of 

that including respect towards diversity by refraining from damaging animal and plant habitats; 

respectful treatment towards animals (be they domestic, farm or wild) as well as plants, 

performing actions and making products that do not harm the environment (Estrada-Vidal & 

Tójar-Hurtado, 2017). 

The concept of sustainability as a means of dealing with the destruction of the 

environment as well as mitigating the effect of climate change has long existed since the 

Stockholm Declaration in 1972 (Ragazzi et al., 2017). 

In recent times, the green economy concept has been perceived by global organizations 

such as the World Bank and the United Nations Environment Programme (UNEP) as a pathway 

to sustainability (Ali et al., 2020). 

Environment Programme (UNEP) as a pathway to sustainability (Loiseau et al., 2016). 

However, the ability of a country to fully and effectively transition to a green economy is 

dependent on the ability to decentralize the concept to involve all institutions (both private and 

public) of an economy. As such to champion this ideology, universities worldwide have focused 

their attention on institutional reforms such as the restructuring of curriculum and research as 

well as introducing campus-based sustainability programs into their daily activities. 

SE is a discipline that is being developed transversely at all levels of society to improve 

the environment of our planet, as its health impacts directly on that of human beings. 
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Unsustainability may produce various problems or risks such as unhealthy food, respiratory 

problems due to atmospheric pollution, decrease in food variety, or transmission of diseases 

caused by an environmentally deteriorated and unhealthy environment. It may be said that SE is 

always related to EHE, where human behaviour causes an impact on the environment, thus 

generating a healthy or noxious environment for the conditions for survival and coexistence 

among the various living creatures on the planet, since those conditions may affect our health 

directly, or indirectly by being related to other living beings since these beings are our food, 

companions, objects of leisure or are used by us for transport. 

These reforms undertaken by universities worldwide aims at reducing the effect of 

anthropogenic activities on the environment as well as developing a future workforce that is 

environmentally conscious because universities are an essential change agent both in the national 

and global economy who can produce future leaders that are capable of playing critical roles in 

achieving environmental sustainability. The students exhibited a less pro-environmental attitude 

regarding the need for maintaining good living relationships with all living beings on the planet, 

having a conservation attitude towards the environment and understanding all living beings are 

equal (Estrada-Vidal & Tójar-Hurtado, 2017). 

 

HIGHER EDUCATION AND SUSTAINABILITY: 

Higher education has spawned a slew of programmes aimed at addressing the world's 

most pressing environmental issues. The Higher Education Sustainability Program (HESI), a 

global network founded in 2012 in advance of the United Nations Conference on Sustainable 

Development (Rio+20), is the most ambitious initiative to date. The United Nations Department 

of Economic and Social Affairs leads this network, which aims to bring together universities that 

are willing to teach sustainable development, foster research and knowledge dissemination, 

support the development of green campuses and local sustainability initiatives, and participate in 

international networks (Miranda, Buitrago, & de Jesús Viloria Escobar, 2021). 

The fundamental challenge for environmental sustainability education is to stretch the 

bounds of formal academic education and have an impact on not just students, but all people's 

environmental awareness (Haigh, 2006). Allowing students to conduct research on global issues, 

case studies, and current sustainability decisions is an effective technique that keeps students up-

to-date in an ever-changing world (Dmochowski et al., 2016). 

Universities are increasingly emphasising sustainability education as one of their primary 

responsibilities. Higher education institutions are boosting their efforts in terms of learning, 

research, and operations in order to educate for long-term sustainability (Cortese & Hattan, 
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2010). Most university efforts in environmental sustainability education, according to Christie et 

al. (2015), have centred on administration and operations rather than teaching and learning. 

Financial incentives or regulatory pressure have driven environmental sustainability on 

campus (Christie et al., 2015). When environmental education is approached as a process that 

extends beyond the classroom and is not limited to formal education, and when it becomes a 

lifetime process that is not limited to the awareness of environmental sustainability issues, it can 

be useful to sustainable development (Miranda et al., 2021). 

When developing teaching approaches, teachers can keep in mind that students may 

come from a variety of socioeconomic, cultural, and ethical backgrounds, as well as having 

varying academic performance, all of which may influence their expectations in terms of 

studying environmental sustainability (Foster, 2010). It is critical to continually urge teachers to 

consider their courses and their relevance to sustainability. To improve teaching practise, it's also 

crucial to encourage collaboration with other teachers and the sharing of academic texts 

(Dmochowski et al., 2016). 

Environmental programmes fail in their goal to develop training activities with students 

to enhance their abilities as problem solvers, according to Clark et al. (2011), due to a lack of 

clarity about the core goals of environmental programmes, leading participants to replace them 

with goals that may not be relevant, and poor alignment of multiple academic disciplines into 

environmental programmes, due to ineffective curricular design. 

Campus operations, community participation, institutional frameworks, on-campus 

experiences, research, instruction, and assessment and reporting are all areas where Aleixo et al. 

(2018) emphasise that sustainability in universities may be promoted. 

According to Marta et al. (2018), any university's environmental sustainability strategy 

should include leaders, faculty, administrative staff, students, and external stakeholders. 

Universities frequently participate in these efforts purely for the sake of public relations, rather 

than because they care about environmental sustainability (Wright, 2002). 

According to Ralph and Stubbs (2014), while universities support worldwide activities, 

these initiatives rarely become successful actions, resulting in few systemic changes towards 

sustainability. 

Individual barriers related with resistance to change, such as a lack of information or a 

clear declaration on the matter, or disagreement with the notion, a sense of loss of control, 

power, which leads to feelings of incapacity, and one explanation linked to cultural values, 

according to Lozano (2006). According to Filho et al. (2015), colleges should be more concerned 

about how to translate environmental sustainability into real-world actions that affect society. 
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Universities, according to Filho et al. (2015), can have a significant impact if they can 

build holistic approaches that incorporate curriculum, campus, community, and research 

strategies. 

Students should engage collaboratively on campus and join national campaigns to combat 

climate policies that jeopardise the planet's well-being, according to Grady-Benson and Sarathy 

(2016). As part of innovation ecosystems, Sáez-Martnez et al. (2014) outlined the critical role of 

universities in producing sustainable innovations in collaboration with firms, researchers, and 

citizens, among other agents. 

To achieve nationwide sustainability on university campuses, the Russian Ministry of 

Education should mandate all universities to adopt green campus initiatives (Ali & Anufriev, 

2020). Students generally are aware of activities that influence campus-based pro-environmental 

activities. However, enough efforts have not been made by university management to actively 

involve students in these initiatives (Ali & Anufriev, 2020). Improvement in education and 

research, transportation, and waste results in a significant improvement in environmental quality 

(Ali & Anufriev, 2020). 

Universities tend to priorities more of research and education programmes compared to 

other indicators under investigation. While this is a good sign, institutions need to strike a 

balance among the other indicators in other to holistically influence the campus environment 

sustainably (Ali & Anufriev, 2020). 

 

RECOMMENDATIONS: 

 Higher education cover general aspects of SE and specific aspects of the environmental 

sphere, but especially of the social and economic spheres, since acting to solve 

environmental problems may reduce environmental risks to health. 

 Education should emphasize especially the development of more pro-environmental 

attitudes, where there is participation regarding environmental problems, both individually 

and socially, even in our work activity, whatever it is. Also, participating in humanitarian 

aid actions to improve subsistence conditions present in hostile environments, and 

recovering customs of previous generations that were respectful of the environment. 

 In the economic aspect, awareness must be raised regarding preferential consumption of 

local products, consumption of products that have been made under the least 

environmentally harmful conditions and avoidance of those originating from conditions of 
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mistreatment or injustice both to employees or animals, fostering fair trade and reducing 

the environmental impacts. 

 Future professionals are being educated, and students' skills and understanding about 

sustainable development are being enhanced. 

 Enhancing the campus's energy efficiency. Using renewable energy, food, and other things 

on and off campus. 

 Increasing the university's societal responsibility for resource conservation and 

environmental protection. 

 Broadening perspectives, knowledge, and action opportunities on all global environmental 

concerns. 

 Traditional environmental and conservation knowledge can be integrated into the 

mainstream curriculum across all content areas and taught through diverse subject subjects 

that require students to complete projects on local issues.  

 Teachers might concentrate on evaluating the knowledge's relevance to present curriculum 

outcomes, such as identifying links to earlier learning and experience. 

 The application of indigenous pedagogy should ensure that formal and informal education 

combines community-based learning in successfully altering all aspects of civil society. 

 Tribal and village leaders should also urge students and youths to join activist groups to 

represent current actions and projects performed to conserve indigenous knowledge at 

national and global environmental conferences in order to educate people about the 

system's reliability. 

 

CONCLUSION: 

Education should prioritise the formation of greater pro-environmental attitudes, 

including participation in environmental issues on an individual and social level, as well as in our 

work activities, whatever they may be. Participating in humanitarian relief operations to enhance 

subsistence conditions in difficult locations, as well as regaining environmental-friendly habits 

from past generations. Teachers are expected to deal with complicated and contradictory social, 

cultural, and political reforms in their curriculum and instruction as part of their professional 

growth. It is also clear that simply providing resources with inadequate training is insufficient to 

satisfy these deep learning outcomes for educational sustainability. 
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INTRODUCTION: 

As the world's population grows, it is expected to reach 9 billion people by 2050, causing 

agricultural consumption to rise as well. There is an urgent need to meet each and every person's 

food needs. There are far too many improvements in precision agriculture for enhancing crop 

productivity in today's world. Over 70% of rural population in developing nations like India 

relies on agriculture areas.  

Agriculture is both the most promising and difficult sector due to its reliance on the 

climate or weather, soil condition, irrigation water quality and quantity, ineffective fertilizer 

application, infection, illnesses, allergies, and other health issues caused by chemical application 

(fungicide, pesticide, insecticide etc.). One of the most serious issues is the scarcity of farm 

workers. Implementing innovative agricultural production technology can meet the intended 

need for increased food output. Drones and other advanced agricultural technologies, such as 

them, have the ability to solve a lot of large and little issues. Climate change is having a negative 

influence on agriculture, posing a serious danger to global food security.  Farmers must adapt 

and embrace technologies that will assist them in making better decisions based on reliable, 

accurate, and timely data. Unlike expensive satellites, UAVs equipped with a set of specialized 

sensors and instruments have a lot of potential for assisting farmers in evidence-based planning 

and geographical data collection. Precision farming improves agricultural output by mapping 

regional variability using sensor data and photographs, as well as real-time data processing. 

Developed countries have already started use of UAV’s in their precision agriculture, 

photogrammetry and remote sensing. It is very fast and it could reduce the work load of a farmer. 
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KISAN DRONE: 

Recently, Hon’ble the Prime Minister Narendra Modi on 20 February, 2022 has flagged 

off 100 Kisan drones in different cities and towns of India to spray pesticides in farms across 

India. He also flagged off "Drone Kisan Yatra" to promote chemical-free farming in India. The 

drone will spray the same amount of pesticide on about one acre of land in just 15 minutes. It 

will save time, labour, and ensure that spraying is done consistently. They will also be used to 

transport vegetables, fruits, seafood, and other farm products to markets. These commodities will 

be delivered to the market with minimal damage and in less time, allowing farmers and 

fishermen to earn more money. Kisan Drones will be employed to strengthen the country's 

agriculture economy. It will be promoted for crop evaluation, land record digitization, and 

insecticide and nutrient spraying. High-capacity drones will be used to transport veggies, fruits, 

and seafood directly from farmers to markets, ushering in a new edge revolution. 

 

DRONE OR UAV 

The term “drone” usually refers to any unpiloted aircraft (also called as “Unmanned 

Aerial Vehicles" (UAVs). A UAV (Unmanned Aerial Vehicle) is a flying device that can fly a 

pre-set course with the help of an autopilot and GPS coordinates. 

The device also has normal radio controls. It can be piloted manually in case of a fault or 

dangerous situation. Sometimes the term UAV is used to refer to the complete system, including 

ground stations and video systems, however the term is most commonly used for model planes 

and helicopters with both fixed and rotary wings.  In general, UAVs are equipped with the 

cameras and sensors for crop monitoring and sprayers for pesticide spraying. In the past, Variety 

of UAV models running on military and civilian applications. In agriculture, the first UAV 

model is developed by Yamaha. Unmanned helicopter Yamaha RMAX was introduced for 

agriculture pest control and crop monitoring applications.  

 

DRONE TYPES: 

Drone designs include many different forms, features, and functions (Vergouw et al., 

2016). The four primary types of drones are fixed-wing, single-rotor, multi-rotor, and hybrid. 

Ducted fan drones are another type, but they are not covered in this chapter due to their limited 

use. Each drone type comes with unique advantages and disadvantages which are highlighted in 

Table 1 
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Table 1: Typical characteristics of different drone types 

Type VOLT Flight time Payload capacity 

Fixed-wing No High Medium- High 

Single-rotor Yes Medium- High Medium-High 

Multi-rotor Yes Low Low 

Hybrid Yes Yes Medium-High Medium 

 

Drone mechanism - How do you fly a quadcopter drone? 

A drone is piloted using a handheld radio control transmitter to control the propellers 

manually. The controller's sticks allow you to go in different directions, while the trim buttons let 

you to modify the trim to balance the drone. Screens can also be utilized to display sensor data 

and receive live video footage from the on-board camera. 

 

APPLICATIONS OF DRONE IN AGRICULTURE:  

  Drones can be instrumental at the start of the crop cycle. They produce precise 3-D maps 

for early soil analysis, useful in planning seed planting patterns. After planting, drone-driven soil 

analysis provides data for irrigation and nitrogen-level management.  

Wildlife monitoring  

Poachers have been deterred by the use of drones. They offer unrivalled security to 

wildlife such as elephants, rhinos, and big cats, which are popular targets for poachers. Drones 

have the potential to function at night thanks to their thermal cameras and sensors. This allows 

them to observe and research wildlife without disturbing them, and it gives them information 

about their habits, behaviour, and habitat. 

Crop surveillance 

In huge fields, estimating the general state of crops is practically difficult. Drone-based 

agriculture mapping can assist farmers in staying up to speed on the state of their plants and 

identifying which field areas require care. Drones use infrared cameras to inspect the field and 

calculate light absorption rates to assess crop health. Farmers can take action to improve the state 

of plants in any part of the field based on real-time and precise data. This characteristic of crop 

surveillance and crop health assessment is also the foundation for using drones to improve 

agricultural insurance instruments by cross-verifying farmers' insurance claims.  

Crop spraying  

Drones can spray fertilizer’s, insecticides, and other chemicals based on the spatial 

variability of the crops and land. Depending on the crop circumstances or the severity of the 
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insect-pest assault, the amount of chemicals to be sprayed can be changed. Drones pave the door 

for precision agriculture in this way. As a result, the efficiency of the chemicals sprayed 

improves, lowering their negative environmental impacts by minimizing soil and water 

contamination. As a result, it has the potential to lead to more sustainable agriculture. In 

comparison to previous ways, drones spray chemicals at a faster rate. It may also result in a 

reduction in the amount of chemicals used, lowering input costs. There is also a problem of 

imbalance of tractor operated machinery while spraying chemicals over tall crops which may 

sometimes result in accidents. So, the spraying of chemicals over tall crops can be done easily by 

drones without any damage. 

After harvesting the crops, the management of extra crop wastes at the farm is a big issue 

for Indian farmers. It is exceedingly expensive and time-consuming to remove these crop 

remains from the fields. As a result, farmers often burn these wastes, polluting the environment 

and degrading soil health. Spraying crop residue decomposing microbial formulations in the field 

can efficiently and cost-effectively handle these residues. Drones can successfully carry out this 

activity, which will help to preserve soil quality and prevent contamination. 

Mid-Season Crop Monitoring 

The capacity to inspect in-progress crops from a height of around 100 meters using 

Normalized Difference Vegetative Index (NDVI) or near-infrared (NIR) sensors has so far been 

the most popular use of drones in agriculture. This was a job that was usually done by hesitant 

college interns carrying a notepad into the fields. Drones of the current generation allow for the 

covering of a larger area in a shorter amount of time, as well as the capture of data that is not 

visible to the naked eye (like the NDVI or near-infrared). 

Seedling emergence assessment 

The measurement and mapping of seedling emergence is a popular agricultural 

application of imagery captured with s UAS. If crop germination is delayed or ineffective in 

some areas of the field due to environmental variables, the producer usually has a brief window 

after plant emergence to try replanting. The field can be mapped at very high resolution during 

the early phases of crop development to examine seedlings and identify zones where germination 

was failed. 

Check crop health 

Farming is a large-scale activity that takes place over acres of land. Constant surveys are 

necessary to monitor the health of the soil and the crop that has been planted. Manually, this may 

take days, and even then, there is space for human error. Drones can do the same job in a matter 

of hours. With infrared mapping, drones can gather information about both the health of the soil 

and the crop. 



Bhumi Publishing, India 

78 
 

Weed detection and mapping  

Weed mapping is a frequent remote sensing use in agriculture and drones have an 

advantage in this application due to their high spatial resolution flexibility. In terms of how the 

aerial mapping phase is accomplished and how the imagery is processed, weed mapping is 

comparable to seedling emergence mapping. For mapping weeds in a crop field, multispectral 

imaging is usually the best option. The agronomist must collaborate closely with the image 

analyst to ensure that the weed's form and phenology are understood, as well as how they differ 

from other plants. Assessment of crop damage Crops in production agriculture can be damaged 

in a variety of ways, resulting in structural or spectral changes. 

Irrigation Equipment Monitoring  

It's not easy to manage many irrigation pivots. It's time-consuming, especially for large 

producers with multiple fields scattered over a county or area. Mid-season checks of the nozzles 

and sprinklers on irrigation equipment that supply the much-needed water become a laborious 

task once crops like maize reach specific heights. Irrigation: Drones with hyper-spectral, 

multispectral, or thermal sensors can identify which parts of a field are dry or need improvement. 

Variable-Rate Fertility  

Many will argue that ground-based inspections combined with satellite imaging, as well 

as a dedicated grid soil sample programmer, are more practicable for improving Nitrogen, 

Phosphorus, and Potassium applications in agriculture, but drones have their place. NDVI maps 

were utilized by a drone service start-up in the United States to direct in-season fertilizer 

applications on corn and other crops. The farmer can apply 300 kg/ha of fertilizer to struggling 

areas, 200 kg/ha to medium quality areas, and 150 kg/ha to healthy areas by using drone-

generated variable-rate application (VRA) maps to determine the strength of nutrient uptake 

within a single field, lowering fertilizer costs and increasing yield 

Water management 

Limited availability of water is one of the most significant challenges facing agriculture 

today, and pressures on water resources are expected to increase into the future. Protecting crops 

from drought-related losses necessitates water management systems that respond to changing 

water needs in near real time, as well as accurate data that reflects increasing water shortfalls 

before they cause production loss. To evaluate soil moisture depletion in the soil profile, soil 

moisture sensors are typically put at a few specified points throughout the field. Irrigation system 

managers assessed water needs using data from soil moisture sensors, as well as prior knowledge 

of crop type, soil properties, and climatic factors such as temperature, precipitation, and 

humidity. 
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To evaluate soil moisture depletion in the soil profile, soil moisture sensors are typically 

put at a few specified points throughout the field. Irrigation system managers assessed water 

demands using data from soil moisture sensors, as well as prior knowledge of crop type, soil 

properties, and climatic factors such as temperature, precipitation, and humidity. 

Prepare for weather glitches 

Weather conditions can be a farmer's best friend and worst opponent at the same time. 

Because these can't be foreseen with any accuracy, preparing for any shift in patterns becomes 

incredibly tough. Drones can be used to predict future weather patterns. Storm drones are already 

being utilized to improve forecasting accuracy. Farmers can utilize this information to better 

prepare themselves. Storms or a lack of rain can be utilized to plan the crop to be planted that is 

best suited to the season, as well as how to care for planted crops later on. 

Crop insurance 

Drones can be used for precisely estimating and monitoring of the crop failure. So, it can 

be helpful for the farmers as well as for insurance companies in providing insurance claims 

based on the degree of damage. This technology has great potential in accurate and effective 

implementation of crop insurance scheme, namely Pradhan Mantri Fasal Bima Yojana in India 

without any bias. 

Livestock applications 

Using visible light cameras to observe livestock With the rising availability of low-cost 

consumer drones that are easy to use and can offer high-quality video and still photographs, the 

use of drones in livestock production systems has become considerably more common. The vast 

majority of livestock applications revolve around the simple observation of livestock and 

livestock production systems from the elevated perspective of a drone, using visible light 

cameras to stream video directly to the operator or to generate aerial images, with some notable 

exceptions such as the use of thermography discussed below, the use of drones in animal 

mustering, and the use of drones to track animals tagged with radio transmitters. Video streaming 

is used for tasks including observation of behavior and movement, finding individual animals or 

herds in large pastures, and observing the status of infrastructure that is relevant to livestock 

management such as fences, gates and water supply. 

Cattle Herd Monitoring 

Drones are a great way to keep an eye on herds from above, as well as track the number 

and activity level of animals on one's farm. Due to the human eye's inability to see in the dark, 

they are especially useful for night-time surveillance. The use of drones in livestock production 

systems has become much more common with the increased availability of low-cost consumer 

drones that are easy to use and can deliver high quality video and still images. Video streaming is 
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utilized for tasks such as analyzing behavior and movement, locating individual animals or herds 

in wide pastures, and monitoring the status of infrastructure important to livestock management, 

such as fences, gates, and water supplies. 

Body temperature screening  

Elevated body temperature is often associated with infectious diseases in livestock, and 

measurement of body temperature is therefore an important tool in the screening of livestock for 

the possible presence of infections. Skin surface temperature can also be used to detect heat 

stress in livestock, and changes in local blood flow patterns associated with inflammation can be 

used to locate inflammatory lesions. Most traditional methods of temperature measurement 

require restraint and close physical contact with animals. This has several serious disadvantages, 

including poor efficiency in terms of speed and labor, increased stress in livestock that result in 

decreased performance and animal well-being, and an increased potential for the spread of 

infections through close contact between animals and close contact between workers and 

successive groups of animals. 

Important factors need to be considered include: the relationship between skin surface 

temperature and core body temperature, the effects of environmental conditions on body surface 

temperature, and the body parts where temperature estimates have adequate consistency, and the 

needed thermal resolution and spatial resolution of the thermographic data. The skin surface 

temperature is influenced by the temperature of blood circulating through the skin, which in turn 

is related to the core body temperature, even though the core body temperature and skin surface 

temperatures differ from each other due to skin heat loss or gain from the environment. 

Non-remote sensing drone applications in agriculture 

In the earlier sections of this chapter, we looked at how drones can be used for remote 

sensing in agriculture. Drones can be used for a variety of purposes in agriculture, including 

remote sensing, although it is not the only one. Some of the more imaginative uses for drones in 

agriculture include activities other than remote sensing. 

Taking samples from afar (collecting specimens with a drone) Drones in agriculture can 

also be used for remote sampling, which is a non-remote sensing use. This method comprises 

obtaining physical samples from the field using a specially equipped drone, which aids ground 

truthing efforts by reducing the amount of time needed to go through fields. Although aerial 

drone-based water sampling is still in its early stages of development, it shows promise for the 

application. 
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Military 

Military usage of drones or RPAS (Remotely Piloted Aerial Systems) has become the 

primary use in today's world. Used as target decoys, for combat missions, research and 

development, and for supervision, drones have been part and parcel of military forces worldwide. 

 

LIMITATIONS OF AGRI DRONES: 

Flight Time and Range 

Along with benefits, drones for agricultural use have some limitations. Due to relatively 

higher payloads, the flight duration of drones used in agriculture is short, ranging from 20-60 

minutes. This results in limited coverage of land with every charge. The cost of drones increases 

significantly with longer flight time. 

Initial Cost 

Mostly, agricultural drones used for surveying have fixed wings and may cost up to 

$25000 (Precision Hawk’s Lancaster) based on features and sensors necessary for executing its 

intended use. Some drones are costlier as it includes cost of imaging sensors, software, hardware 

and tools. The initial cost is also proportional to the payload and flight duration capacities, apart 

from sensors and features included. Connectivity issue often, online coverage is unavailable in 

rural areas. Under such circumstances, a farmer needs to invest in internet connectivity, which 

can turn into a recurring expense. 

Weather dependent 

Drones are heavily dependent on good weather conditions. Under rainy or windy weather 

conditions, it is not advisable to fly drones. 

Knowledge and Skill 

Using new technology is a refreshing shift, but doing so on a regular basis necessitates 

the necessary ability and understanding. Drone functions may be difficult to comprehend for the 

common farmer. Either he must gain the necessary expertise or he must rely on an expert. 

Misuse 

There is a chance of misuse to infringe the privacy of people and illegal transfer of 

information. 

 

AGRICULTURAL DRONE DEVELOPMENT:  

CHALLENGES AND FUTURE OPPORTUNITIES:  

There are countless future agricultural uses of drones, and expectations are that it will 

have broad impacts. It is associated with many novel and emerging opportunities, along with 

unique challenges. Autonomous monitoring and sampling are expected to become increasingly 
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reliable and sophisticated and could play important roles in the future development of precision 

agriculture and food security. Lack of universal public acceptance and unsuitable regulatory 

frameworks are some of the challenges that limit the pace of application development and 

expansion of drone use. If these challenges can be surmounted, future drones could be hosted at 

strategic locations, and will execute a variety of local crop monitoring tasks that are controlled 

through autonomous features under the direction of centralized operations centers where large 

amounts of data can be utilized to extract reliable, near-real time information for use in 

management decision-making. Next, drones could assist in the small- and large-scale application 

of agricultural chemicals, at an unprecedented level of precision, resulting in optimal production 

while minimizing environmental pollution. 

Unfortunately, until recently, drones did not have a substantial impact on agricultural 

methods. Drone applications in agriculture and precision farming have received a lot of attention 

recently. Drones delivering agricultural intelligence for both farmers and agricultural consultants 

are changing agricultural practices, from the ability to image, recreate, and analyses individual 

leaves on a corn plant from a height of 120 meters to getting information on the water-holding 

capacity of soils to variable-rate water applications. 

In the coming years all of the possible uses for drones will be fleshed out by drone 

service providers and farmers itself. A boost in crop intelligence will make farms more efficient 

and help smaller operations compete with their more well-heeled Big Agriculture competitors. 

 

FUTURE SCOPE: 

UAVs in precision agriculture is still in its early stage and maybe a scope for further 

development in both the technology and the agriculture applications. Providentially, it is 

expended that with the development of UAV’S technology, improved image processing 

techniques, lower costs, flying times, batteries, new camera designs, low volume sprayers, and 

nozzle types. A significant number of experimental studies of UAV’S based remote sensing for 

agriculture application. It will be a more prominent advantages of these systems in precision 

agriculture and environmental monitor. 

 

CONCLUSION: 

Precision agriculture has incorporated cutting-edge technologies in the last decade to 

boost crop output. These technologies are beneficial in situations when human interaction is not 

possible, such as spraying chemicals on crops, or where labour is scarce. It also makes spraying 

easier and faster. The suggested system involves crop monitoring using a multispectral camera 

mounted on an unmanned aerial vehicle (UAV). The camera gathers photographs during one 
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flight and analyses them using the geographic indicator. It may be simple to locate the area 

where pesticides should be sprayed based on the findings. The UAV sprinkling system auto 

navigated with the GPS coordinates to spray the pesticides on the infected areas where no 

vegetation identified by the NDVI. This could also cut down on water and chemical waste. This 

application list is likely to grow significantly in the near future as more and more research is 

conducted and will be conducted, and when airspace in the European Union is opened to 

licenced drone equipped agricultural service providers. 
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ABSTRACT:  

 Earlier land use pattern of Pandharpur Tehsil, Dist. SOlapur Maharashtra shows 

tremendous increase in the agricultural land. This led to habitat destruction of wild animals. In 

the present study, the population decline was noticed in case of blackbucks. Herd structure of 

blackbucks were observed in three different sites viz. Bardi, Mendhapur and Anawali from 

Pandharpur Tehsil. In bardi site, no blackbuck population was noticed. It is due to local 

migration of species. In Mendhapur and Anawali small herds were noticed with low individual 

densities. To find out the causes of blackbuck population decline in these three sites, a 

questionnaire survey was distributed to 51 households located adjacent to Bardi, Mendhapur and 

Anawali. 24 % of respondents from Bardi Village reported no sign of Blackbuck herds due to 

migration. In Anawali and Mendhapur site, 27% of respondents reported that scarcity of food 

and drinking water are the main causes of conflict and population decline. In Anawali, illegal 

hunting was reported by 12 % respondents.  Accordinhg to 12% of respodants, fencing is very 

essential for smaller grassland patches to protect blackbuck population.   

KEYWORDS: Black buck, Grassland, Habitat Fragmentation, Forest, Hunting   

 

INTRODUCTION:  

 In recent years, there has been an increased desire to acquire greater knowledge about 

nature. This has lead to detailed study of all ecosystems and their associated floral and faunal 

elements. Through the awareness programs and campaigns, people are more and more closely 

acquainted with the term ‘Wildlife’. Though there is no specific definition of it. In broad sense, 

wildlife means plants and animals in their natural abode (Tikader, 1983).  
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 India is known for its varied geographical conditions supporting high diversity of plants 

and animals.  Among these diversified geographical regions, grasslands are unique habitats. 

They are known to support wide range flora and fauna.  

 The land use pattern and ecological studies revealed that conversion of land into more 

agricultural areas, industries and animal husbandry turned the grasslands into one of the most 

critically endangered ecosystems (Verchot et al 2002; Dabadghao & Shankarnarayanan, 1973; 

Singh & Joshi, 1979 a, 1979b; Singh et al 2006).  The central and Southern states of India have 

the greater part of the landscapes as Savannah grasslands. These states are Madhya Pradesh, 

Andhra Pradesh, Maharashtra, Karnataka and Tamil Nadu. The plane lands from these states 

harbor critically endangered species such as Great Indian Bustard, Ardiotis nrigriceps, and 

endangered species Lesser Florican Sypheotides indicus. The other species which needs special 

attention through research and conservation prorammes are Indian wolf, Canis lupus pallipes, 

Indian Fox, Vulpes benghalensis and Blackbuck, Antilope cervicarpa (Sagar & Antoney, 2017).  

 Majority of grasslands from the central and Southern region of India do not have legal 

protection (Sagar & Antoney, 2017). As a result, they remain vulnerable areas as ‘common 

lands’ of the community. If not notified as protected areas under the Wildlife (Protection) Act, 

1972 or Indian Forest Act, 1922,, threatening wildlife that is dependent on them (Singh et al 

2006; Sagar & Antoney, 2017).   

 The Indian blackbuck Antelope cervicarpa is a medium sized species of antelope. It is 

included under conservation criteria of animals i.e near threatened. Earlier, it was distributed all 

over the India, but due to the habitat loss and overhunting, the population of blackbuck is 

confined to fragmented grasslands (Mungall & Station, 1978; Ranjitsinh, 1989; Jerdon, 1874; 

Rahmani, 1991). The population of blackbucks may range from two to several hundred 

individuals (Ranjitsinh, 1989).  

 Blackbucks play an important role in the grassland ecosystem by serving an important 

prey –base for carnivores such as wolves and Jackals. Like other large mammals, Blackbucks are 

threatened from habitat destruction and overhunting and feral dongs (Sagar & Antoney, 2017; 

Madhusudan & Mishra, 2003; Schipper et al 2008; Davidson et al 2009).  

 Despite their crucial role in trophic web and dwindling population, there are no reliable 

estimates of Blackbuck population from any part of their geographical range that adjust for 

detection of probability (Jhala, 1993; Isvaran, 2007).  

 The present effort has been made in the year 2017 to bridge the knowledge gap of 

blackbuck population size in the fragmented grasslands of Pandharpur Tehsil, District Solapur, 

MS, India.    
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MATERIAL AND METHODS:  

Study area  

 Pandharpur Tehsil of Solapur district geographically lies between 17°30′00″N to 

18°05′00″N latitude & 75°05′00″E to 75°35′00″E  Longitude,  which cover 1303.6 Sq. Km. area.  

There are 103 villages in Pandharpur tehsil. For the present study, the fragmented grassland areas 

near 03 different villages were selected. These villages are Bardi, Mendhapur and Anawali.  The 

land use pattern of Pandharpur tehsil shows 52% of the land is used for agriculture, 18 % 

represents fallow land, 17% barren land, 11% grassland and 2% land is occupied by water body 

(Palkar & Gavade, 2013).  

Survey sites  

 We monitored the Blackbuck population by walking along existing roads and trails once 

in a week from 6.00 to 10.00 hr. and from 16.00 – 18.00 hr. as per Ramesh et al (2012) and 

Debata & Swain (2017). We classified the types of herd as per Herleker (2014) & Prater (1980).    

Conflict Evaluation 

Questionnaire survey:  

One set of questionnaire was prepared for local people. This questionnaires contained 

open ended questions. Altogether, 51 Households (HHs) were interviewed using systematic 

random sampling method in December 2017. Households whose croplands are inside and/or 

within 100 m from the reserve area. Preliminary survey showed that Blackbuck did not go far 

away (approx. 500m) from the reserve to raid the crops as enough crops are grown near the 

reserve. Respondents were interviewed to ascertain the distribution, intensity and type of 

damage, major problematic pest species, causes of conflict (Kunwar et al., 2015).   

 

Satellite view of bardi, pandharpur (https://www.google.com/maps/) 

 

 

 

https://www.google.com/maps/@17.8634954,75.3493224,5677m/data=!3m1!1e3
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Satellite view of Mendhapur 

 

Satellite view of Anawali 

 

RESULTS AND DISCUSSION  

 The present study was carried to find out the population structure of Blackbuck, Antelope 

cervicarpa from three grassland patches from Pandharpur Tehsil viz. Bardi, Mendhapur and 

Anawali during the year 2017. These grasslands are reserved by the forest department (Plate I, II, 

III).   

  

Reserve forest near Mendhapur Reserve forest near Anawali 

    During the Visit to the Bardi Area, no any sign of Antelope cervicarpa was recorded.  In 

Anawali area only few individuals were observed, the herd of 4 individuals only.   
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Vernal pond at Anawali Artificial pond at Mendhapur 

Water sources for Antelope cervicarpa 

  

Herd of Antelope cervicarpa Male adult patrolling the territory 

Population Antelope cervicarpa 

 The Mendhapur site is found suitable for the population of Antelope cervicarpa. Two 

different herds were observed during the survey. The details of the A. cervicarpa population 

observed in all the sites during the study period are given in following fig. 1.  

 

Herd structure of Blackbuck from fragmented grasslands near three different villages of 

Pandharpur Tehsil, Dist. Solapur 

 Our estimate of 17 individuals at Mendhapur site and 5 individuals at Anawali site gives 

an insight to the population of Blackbuck at selected sampling sites at Pandharpur Tehsil.  
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 This is the first time that population estimates have been made for Indian Blackbuck in 

the Pandharpur Tehsil. In other parts of the country, several studies have been carried on the 

density, distribution and conservation challenges (Karnath & Singh, 1990; Raman et al., 1993; 

Isvaran 2005, 2007, Gelhot & Jakher, 2007, 2015).  

 In ecological studies, it is very important to find out the population size of animals, 

density and pre-predator balance (Ray & Hastings 1996; Gandiwa, 2012).  The studies on 

population size of animals give primary information about species demography i.e. how the 

population sizes of species change over time and space which is helpful in designating and 

formulating required conservation and management.       

 

CONFLICT STUDIES  

1. Damage to agricultural crops  

 Earlier studies under the conflicts state that A. cervicapra damages a number of crops, in 

particular sorghum and millet (Chauhan and Singh 1990). It is reported to nibble largely the 

young shoots of variety of cereal and pulse crops (Chauhan and Singh 1990). During the present 

study the data was obtained from the respondents on the crop losses caused by blackbuck. There 

were many causes of conflict. Most of the respondents believed that existing number of 

blackbucks in small habitat and food shortage inside the reserve was the main cause for the 

blackbucks to visit crop land. In addition, scarcity of drinking water, search for edible food, 

absence of fencing, and domestic animal grazing by local people are other causes of conflict in 

the reserve (fig. 2.).     

 

Causes of Blackbuck population decline in the fragmented grasslands of Pandharpur 

Tehsil Dist. Solapur, MS 

Threats to Blackbuck population in the Present Study Area  

1. Insufficient drinking water source  

2. Illegal Hunting  

24%

27%
12%

37%

No sign of Black
buck in Bardi

Scarcity of food
and water  in
Mendhapur

Lack of fencing and
insuffient land
Mendhapur
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3. Fragmented habitat  

 

CONCLUSION:  

 The population size of Blackbuck is smaller in all the sites due to insufficient food and 

water sources. Because of this Blackbucks visit the croplands to obtain the food especially in the 

winter and Sumer season. This is the main cause of conflict in Mendhapur and Anawali. With 

this, in Anawali hunting is a major threat to the current population of blackbuck. From the 

observations it appears that Mendhapur is suitable site to develop the Blackbuck habitat.  

 

Implications for the Development of Forest Reserve from Mendhapur As Suitable Habitat 

Model for Blackbuck 

1. Fencing of the reserved area (The selected sampling sites are small fragments of 

grasslands) 

2. Restriction of for the transportation and other anthropogenic activities. 

3. Restriction for cattle grazing  

4. Proper implementation of protection laws  

5. Conversion of vernal pools into annual source of water. This can be done by lifting the 

water from the irrigation canals and continuous recharging of vernal pools.   

6.  Use of drought tolerant plant species in the annual plantation programme.  

7.  Create awareness about Blackbuck and its importance in the trophic web.       
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ABSTRACT: 

Bhoj wetlands a Ramsar Site of international importance in the capital city of Bhopal in 

the state of Madhya Pradesh is constituted by a bigger Upper Lake and a smaller Lower lake. 

The Upper Lake serves extreme importance as not only does it provides drinking water to the 

whole city; it also harbors various important wildlife and many important floras. The early 

period of the 21st century shows a rapid degradation in the water quality of the Upper Lake due 

to the eutrophication that needed to be prevented. It resulted in a mass shifting of conventional 

agricultural practice toward organic farming (O) in the catchments of the Upper Lake. The study 

was conducted to understand and validate the checking of nutrients from the agricultural area by 

this conversion of agricultural system. From the analysis of groundwater samples, it was 

observed that a comparatively higher rate of nutrients viz Ca, Mg, NO3, and PO4 were leached in 

conventional farming (CF) areas than in organic farming areas. A much higher concentration of 

soil nutrients was also obtained from the samples collected in the organically farmed (O) areas 

than in conventional chemical farming systems indicating a healthier soil condition maintained 

by the O system. 

KEYWORDS: Bhoj wetland; eutrophication; organic farming; conventional farming; soil 

nutrients 

 

INTRODUCTION: 

With the advancement of science and technology, the world today is at a premium 

position in nurturing health and saving human life from many lethal diseases which were not 

possible earlier. Consequently, it leads to an increase in population at an unprecedented scale. 

During the 20th century alone the population of the world has gone from 1 billion to 6 billion 

(Anonymous, 2022). The rate of increase in population in the last few decades is extraordinary 

thus giving birth to newer problems which primarily include pollution, food security, and 
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competition over natural resources, etc. One of the most challenging aspects is to feed the mouth 

of an ever-expanding population. This necessitates the increase of food production at a very fast 

rate to meet the demand. FAO has estimated that the world by 2050 would need to produce 60 

percent more food to feed a population of 9.3 billion (Silva, 2022). Perhaps this leads to the 

complete revolutionization of the agricultural practice system that was going on from time 

immemorial. In the beginning, the newer approach seemed to provide an amicable solution but in 

the long run, the utilisation of chemical fertilizers, and pesticides further lead to multiplying 

hordes of problems in one or another form.  Agricultural land occupies nearly 40% of the total 

ice-free land surface of the earth (Wang et al., 2022) and it will continue to expand by nearly 

20% more by 2050 (Tilman et al., 2001). Over the past 20th century the rate of intensification has 

accelerated the negative environmental impacts of agricultural practices. Tilman (1999) 

estimated that the doubling of agricultural food production led to 6.87 fold increase in nitrogen 

fertilization, a 3.48- fold increase in phosphorus fertilization, and an increase in cropland area of 

18%. These dramatic changes lead to adverse impacts on both aquatic life freshwaters and 

marine included. It can be mentioned that phosphorus enrichment is the main cause of freshwater 

eutrophication because P is the limiting nutrient in the most inland waters as opposed to marine 

waters in which N is the limiting nutrient (Edgardo and Robert, 2018).  Inter alia problems, 

effects of pesticides on dermatological, gastrointestinal, neurological, respiratory, reproductive, 

and endocrine effects are the prominent ones. When the problems of pesticides in the 

environment become apparent there was enough reason for abandoning the longer persistent 

types which don’t fit at all with the sustainable agenda of agricultural practice system. In 

hindsight, there was raising interest in organic farming as it emerged to be the sole option to rely 

upon.  There are some highlighted issues associated with organic farming as it doesn’t come free 

from all problems but is still debatable by weighing its pros and cons. The fundamental concept 

of practicing organic farming has an upper hand over the conventional farming system as it 

avoids the application of toxic pesticides which has been one of the major concerns in these 

areas. More so overall soil health appears to be more alleviated in the organic system than in 

conventional ones. Recent development also suggested that organically grown fruits and 

vegetables contain higher levels of health promoting phytochemicals, possibly linked to greater 

plant stress, and microbial communities (Reeve et al., 2016).  

One of the major concerns is the eutrophication of inland freshwaters due to the leaching 

of excess nutrients from agricultural areas. Bhoj wetlands in Bhopal, Madhya Pradesh were 

having major issues of eutrophication and were in serious need of an immediate restoration 

measure as the lakes serve as the heart and soul of the city. The larger Upper Lake of the wetland 

serves 40% of the drinking water for 1.8 million residents of the city Bhopal and neighboring 

areas (Verma, 2001). Lake Conservation Authority (LCA), Bhopal took the initiative by 
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encouraging the farmers to opt out of the conventional agricultural practice and adopt organic 

farming systems in the catchment areas of the lakes. Farmers were attracted by providing 

assistance and encouragement in the form of incentives which helped eventually to take a major 

shift toward the organic farming systems (Hope et al., 2006). These amalgamations of a strong 

political will of the government, commitment of the LCA, and honest efforts of the farmers 

yielded a successful result. The Upper Lake was no longer dealing with the issues of 

eutrophication and algal blooms anymore. With keeping the series of events unfolded in the area, 

the present study was taken to provide some insights.  

 

METHODS AND MATERIALS: 

Study area 

Bhoj wetlands or Bhoj Taals are constituted by a bigger Upper Lake and relatively 

smaller Lower Lake of Bhopal, the state capital of Madhya Pradesh India (Fig 1). The Lakes 

were declared as a Ramsar Site wetland of international importance in the year 2002. Above 

serving as an important source of palatable water to the city, these lakes also harbor rich 

biodiversity which added its importance. As many as 160 species of birds and 14 rare 

macrophytes have been reported in the area (Hope et al., 2006). They were constructed by Raja 

Bhoj during the 11th century by building an earthen dam across the Kolans River.  The Upper 

Lake measures 14 km in length and varies between 2 to 12 km in width covering a total area of 

36 km2 with a catchment area of 361 km2. The average lake depth is 4 meters with the deepest 

point reaching 14 meters. Agricultural is the main land use amongst the 87 villages in the 

watershed. For the study, three villages from the catchment area of Upper Lake namely Gora, 

Bhisenkhedi, and Bhilkhera were selected as these were the first among the many villages which 

had successfully adopted organic farming. Alternately these areas can also represent the 

conventional farming system as some of the field areas are still exclusively practicing it at the 

time this study was conducted (Fig. no. 1). 

The study was made during the months of March to May 2006. This was more of a 

pragmatic approach as the soil collected during this fallow season would reflect the actual result 

without any external interference. Composite soil samples were collected from a depth of 30cm 

from both organic (shall be treated as O hereafter) as well as conventional farming areas (shall be 

treated as CF hereafter). Later it was analysed to understand the nutrient contents taking 3 

replicates for each parameter considered for the study. For the soil samples, 50 gm soil sample 

was dissolved in 250 ml distilled water and filtered through standard Whatman no. 50. Then the 

filtrate was put for analysis following the same standard methods adopted for analysis of the 

groundwater samples collected through hand pumps located in the study sites for different 

parameters. 
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Figure 1: Map of Bhoj wetlands (A) Upper Lake and (B) Lower Lake showing the study 

sites in dotes (Area not to be scaled) (Source: Google map) 

 

EDTA titration method was followed for Ca and Mg content estimation. TDS was 

estimated through the gravimetric method. Phosphate and nitrate concentration was determined 

spectrophotometrically as per standard methods described in APHA, AWWA, and WEF (1998). 

All the obtained results were analysed for one way ANOVA to understand their significance 

level using SYSTAT software version 6. Correlation matrixes were also prepared within the 

parameters studied from groundwater as well as soil samples. 

 

RESULTS:  

A. Groundwater 

For the determination of water qualities, groundwater samples from the organic farming 

areas of Gora and Bilkhera and conventional farming areas of Bhisenkhedi and Bhilkhera were 

considered. 

The amount of the total dissolve solids (TDS) was estimated maximum of 1042.8 ±55.7 

mg/l from the conventional farming (CF) area of Bhilkhera to a minimum of 305 ±17.23 mg/l 

from the Bhilkera Organic farming (O) area (Fig A.1). TDS content in both farming system show 

significant variations (F= 18.3316, p< 0.01). Ca hardness was found within a range of 443.1 

±36.2 mg/l recorded from Bhilkhera (CF) to 195.3 ±17 mg/l recorded from the Bhilkhera (O) 

(Fig. A.2). A significant difference between the means of O and CF areas was observed (F= 

31.33874, p<0.001). Similarly, the highest Mg hardness was estimated from the groundwater of 

Bhilkhera (CF) with 362.9 ±27.8 and the lowest from Bhilkhera (O) with 166.8 ±17.5 showing a 

significant variation (F= 12.91241, p<0.01) (Fig. A.3). However, the highest NO3 content was 

obtained from the Bhishenkhedi (CF) (10.234 ± 0.95 mg/l) and the lowest from Bhilkhera (O) 
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area (0.73 ±0.01 mg/l) (Fig.A.4). The NO3 content of the water samples between the two systems 

was found to be significantly different (F=13.93184, p<0.01). From the Bhishenkhedi (CF) area, 

the highest content of inorganic phosphate (3.43 ±0.55 mg/l) was estimated whereas the lowest 

(1.9 ±0.24 mg/l) was recorded from the Bhilkhera (O) area (Fig.A.5). However small the amount 

may appear in comparison with other observed parameters, the two farming systems showed a 

significant level of leaching of inorganic phosphates in the groundwater (F= 7.743119, p<0.05). 

All the attributes showed a positive correlation. However, the strongest correlation was seen 

between TDS, Ca, and Mg hardness and between inorganic phosphate content and nitrate 

concentrations too (Table No. 1).  

 

  

Figure A1: Total dissolve solids (mg/l) Figure A2: Ca hardness (mg/l) 

  

Figure A3: Mg hardness (mg/l) Figure A4: Nitrate content (mg/l) 
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Figure A5: Inorganic phosphate content (mg/l) 
 

 

  

Table 1: Pearson correlation matrix for Groundwater sample  

  

TDS 

(mg/l) 

Ca 

(mg/l) 

Mg 

(mg/l) 

Nitrate 

(mg/l) 

Inorganic 

Phosphate 

(mg/l) 

TDS (mg/l) 1 

    Ca (mg/l) 0.99 1 

   Mg (mg/l) 0.90 0.90 1 

  Nitrate (mg/l) 0.30 0.44 0.17 1 

 Inorganic Phosphate 

(mg/l) 0.31 0.43 0.11 0.99 1 

 

B. Soil  

For the determination of soil nutrient qualities, samples from the organic farming (O) 

areas of Gora and Bhilkhera and conventional farming areas (CF) of Bhisenkhedi and Bhilkhera 

were considered. There were additional samples collected from the Gora village which had 

recently given up the conventional farming system for organic farming. For consideration of a 

field as a total organic area, at least a minimum of three years of continual organic farming need 

to be followed. These areas were in the second year of shifting from chemical farming to organic 

system. Hence, the sample collected from there was assigned as minimum chemical fertilizer 

area (MF hereafter). 

Statistically, no significant variation was observed between the Ca content of O, CF, and 

MF areas. The values were observed in the decreasing order as Gora (O)>Bhilkhera 

(CF)>Bhilkhera (O)>Gora (MF)>Bhishenkhedi (CF) with a value ranging from 793.8 ± 23.4 
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mg/kg to 529.2 ±18.9 mg/kg (Fig. no. B.1.). The highest Mg content (707.13 ±15.5 mg/kg) was 

recorded from the Gora (O) while the lowest (54.67 ±12 mg/kg) was recorded from the 

Bhilkhera (CF) area (Fig. no. B.2). However, NO3 content in the soil samples showed a 

significant variation (F=97.35458, p< 0.001) wherein the highest content was estimated from the 

Bhilkhera (O) area with a value of 2787.5 ±34.6 mg/kg and the lowest from the Gora (MF) area 

with a value of 1765 ±22.87 mg/kg (Fig. no. B.3.). There was also a significant variation 

between the mean inorganic phosphate content of different farming systems (F=44.72952, 

p<0.001). The highest recorded value of the inorganic phosphate was observed from the Gora 

(O) area (4380 ±23.7 mg/kg) and the lowest content from the Bhilkhera (CF) area (473.6 ±16.4 

mg/kg) (Fig. no. B.4). No significant correlation could establish between the attributes (Table no. 

2). 

  

Figure B1: Ca content (mg/kg) Figure B2: Mg content (mg/kg) 

  

Figure B3: NO3 content (mg/kg) Figure B4: Available PO4 content (mg/kg) 
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Table 2: Pearson correlation matrix for soil nutrients 

  

Ca 

content 

(mg/kg) 

Mg 

content 

(mg/kg) 

Nitrate 

(mg/kg) 

Available 

phosphorus 

(mg/kg) 

Ca content (mg/kg) 1 

   Mg content (mg/kg) 0.30 1 

  Nitrate (mg/kg) 0.49 0.03 1 

 Available phosphorus (mg/kg) 0.25 0.67 0.57 1 

 

DISCUSSIONS: 

The results obtained for the groundwater and the soil samples indicated the clear outcome 

of different farming systems. The relatively higher concentrations of TDS, Ca, Mg, NO3, and 

inorganic phosphate in the groundwater collected from the conventional farming (CF) area may 

be interpreted as the prevalent of higher nutrients leaching rate in the CF systems than the 

organic farming (O) systems. A higher amount of TDS in the water sample from the CF areas is 

indicative of the poor binding capacities of the soil. Many reports are suggesting that organic 

farming results in lowering the nitrate leaching rates than integrated or conventional agriculture 

(Hansen et al., 2000; Stolze et al., 2000; Stopes et al., 2002; Benoit et al., 2014). Hass et al. 

(2002) also observed that organic farming helps in the reduction of N leaching by more than 50% 

compared to conventional farming systems.  

The higher amount of the macro, as well as micro-nutrients namely, Ca, Mg, NO3, and 

PO4 in the O areas during the fallow season also suggested that the soil health in organically 

grown areas tends to retain the nutrients than the conventionally farmed areas. It might not be 

wrong to emphasize that the soil is livelier in the organic system than in chemically farmed areas 

as the biotic components play a major part in nutrient cycling. Soil health is central to nutrient 

cycling and delivery to crops through microbial symbioses that bolster plant health and defence 

(Montgomery & Bikle, 2015). David and Anne (2021) also asserted that organic farming tends to 

enhance soil health while conventional practices degrade it. Their study further observed that 

relying on tillage for weed control on both organic and conventional farms degrades soil organic 

matter and can also disrupt soil life in ways that reduce crop mineral uptake and phytochemical 

production. There are substantial reports on the advantages of vermicompost application over 

normal compost as it enhances soil fertility physically, chemically, and biologically (Lim et al., 

2015). Overall, organic farming improved soil health by enhancing water holding capacity, 
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locking up more carbon and fixing nitrogen, and creating an ideal condition thereby promoting 

the growth of soil microbes (Jean, 2018). Watson et al. (2002) suggested if the goal is for 

improving the long-term sustainability of organic farming systems then there should be proper 

maintenance of soil by conducting frequent analysis and keeping updates on nutrient budgets.  

  

CONCLUSION: 

It is evident from the study that the nutrients from the soil got leached into the 

groundwater more in the CF system. It is also an indication that during the monsoon season the 

nutrients are more prone to wash off easily in CF areas than in O areas. This sudden rush of 

nutrients from the agricultural areas towards the watershed area promotes the luxuriant growth of 

algae and other aquatic plants resulting in eutrophication of the nearby water bodies. However, it 

may be also pointed out that the agricultural run-off is not the sole reason for eutrophication but 

there are also other contributing factors for eutrophication in the water bodies viz, nutrients 

collected from wastewater, other point sources, and recreational activities which also need to pay 

attention. Bhoj wetlands today are still maintained under strict vigilance by the related authorities 

of the government. Now the Lake is in a much safer state. It requires a strong political will to 

formulate the obsolete policies, untiring efforts from the LCA, Bhopal and commitment from 

every stakeholder to achieve such a rare result. Their success story is an exemplary example that 

needs to be repeated by the other states of India in particular as the heavy rains brought by the 

monsoon and nutrient run-off from the agricultural area resulting in eutrophication is a widely 

prevalent phenomenon. 
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ABSTRACT: 

Nanotechnology is an interdisciplinary branch of science which includes physics, 

chemistry, biology and engineering with truly revolutionary transformation potential for an entire 

host of products and processes. This technology has enormous potential for providing innovative 

solutions to a wide range of environmental issues. This technology includes improved methods 

for reducing pollution, water treatment, environmental sensing, remediation, and making 

alternative energy sources more cost-effective. This technology has the huge potential to 

transform people's lives for the better.  Carbon nanotubes are close to replacing silicon as a 

material for making smaller, faster and more efficient microchips and devices, as well as lighter, 

more conductive and stronger quantum nanowires. Applications of nanotechnology to 

environment will help to develop a new eco-friendly application which focuses on to create new 

types of miniature sensors, pollutant filters, fuel cell catalysts, develop novel methods in 

agriculture, food security and energy production. Objectives of this review paper are to focus on 

applications of nanotechnology for environment management.  

KEYWORDS: Nanotechnology, applications, environment, management 

 

INTRODUCTION: 

Nanotechnology draws its name from the prefix ‘Nano’. A nanometer is one-billionth of 

a meter. A distance equal to two to twenty atoms lay down next to each other. Nanotechnology 

refers to manipulating the structure of matter on a length scale of some small number of 

nanometers, interpreted by different people at different times as meaning anything from 0.1 nm 

to 100 nm or more. At the small end of this scale, the structure is controlled to atomic precision; 

each atom is exactly where it should be for the optimum function of the material or the 

device. Nanotechnology is defined as the manipulation of materials measuring 100 nanometres 

or less in at least one dimension. Nanotechnology is expected to be a critical driver of global 

economic growth and development in this century. This broad multi-disciplinary field is 
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providing glimpses of exciting new capabilities, enabling materials, devices and systems that can 

be examined, engineered and fabricated at a nanoscale (Taran et al., 2021).  

Using nanotechnology to produce nanomaterial with unique properties is expected to 

revolutionize technology and all sectors of industry. Major benefits of nanotechnology 

include improved manufacturing methods, water purification systems, energy systems, physical 

enhancement, nanomedicine, better food production methods, nutrition and large-scale 

infrastructure auto-fabrication. From saving raw materials, energy and water, to decreasing 

greenhouse gases and dangerous waste, nanotechnology unique attributes can be utilized in 

various products, procedures and applications that could undoubtedly support environmental and 

climate protection (Babatunde et al., 2020). 

Chemistry has of course always worked with atomic precision. Molecules are made from 

specific arrangements of specific numbers of specific types of atoms. Chemistry mostly deals 

with arrangements of several to several tens to several hundreds of atoms. Larger structures are 

made by linking together certain molecules into long chains called as polymers. Billions of years 

before chemists discovered this trick to make plastics and synthetic fibers, nature used this 

strategy to invent life. The crucial molecules of life RNA, proteins, and DNA are long polymers 

each composed of a few types of subunit molecules linked together into a specific long sequence. 

Protein and some RNA molecules fold their long chains into specific 3D shapes that have 

specific functions. These and many other types of molecules form large complexes of molecules 

that associate to form subcellular components that make up cells, tissues, organs, and 

individuals. Taken together they perform the myriad functions, including thought and 

consciousness, that living organisms are capable of. In biology, macromolecules self-assemble 

into the systems of molecular machines that cells and organisms comprise. Biology thus provides 

an existence proof for the myriad capabilities of self-assembled molecular machine systems. 

Advanced nanotechnology will augment self-assembly copied from biology with one additional 

tool: positional control of chemical 

synthesis. (http://www.zyvex.com/nanotech/CDAarticle.html) 

Microorganisms that are exposed to pollutants in the environment, such as metal ions, 

have a remarkable ability to fight that metal stress. These metal-microbe interactions have 

already found an important role in biotechnological applications. Recently, microorganisms have 

been explored as potential bio-factories for synthesis of metallic nanoparticles. Nanoparticle size 

allows them to exhibit novel and significantly improved physical, chemical and biological 

properties, phenomena and processes because of their size (Subash Kumar et al. 2008).  

http://www.zyvex.com/nanotech/CDAarticle.html
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Objectives of this review paper are to focus on applications of nanotechnology for environment 

management. 

Applications of nanotechnology for environment  

Nanotechnology provides the possible novel field for conserving our environment 

especially for the bio-divers counties like India. This green technology promises design of new 

products by using molecular engineering that are made more environment friendly materials and 

that uses less energy and produce less wastage throughout the product life cycle. Wide range of 

ecological applications of nanotechnology holds the key to building environmental sustainable 

society. Nanotechnology allows for the more efficient production cycles, the more effective 

elimination of hazardous wastes and the abolition of many harmful solvents which are 

environmentally damaging during the production process. Applications of nanotechnology have 

emerged to minimize environmental impacts through resource conserving and waste-elimination 

in manufacturing processes and products (Guerra et al., 2018). The applications and 

environmental interests are given below. 

1. Frontier research areas in nanotechnology have enabled products that are environmentally 

useful. 

2. Managing nanomaterial and their production could minimize potential environmental, health 

and safety risks. 

3. Using nanotechnology will help to clean up toxic waste site and other pollution problems. 

4. Substituting green nanotechnology products for existing products that are fewer 

environments friendly. 

5. Commercial Applications of Nanotechnology: Materials, Composites, Coatings & Textiles. 

Nanocomposite Plastics and Carbon Nanotubes in Packaging. 

6. Nanotechnology is used not only in the food sector, but also in water safety, maintenance of 

sterile surfaces in medical equipment and devices, control of biological contamination in 

consumer products and the management of infectious diseases. 

7. The applications of nanotechnology and nanomaterials can be found in many cosmetic 

products including moisturisers, hair care products, make up and sunscreen. 

8. Nanotechnology is helping to considerably improve, even revolutionize, many technology 

and industry sectors. 

9. The optical properties of the nanomaterials are used to form optical detectors, sensors, 

lasers, displays, solar cells.  

10. Nanotechnology is also used in biomedicine and photo electrochemistry.  

11. In microbial fuel cells, the electrodes are made up of carbon nanotubes.  
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Nanotechnology for food security 

Applications of nanotechnology have emerged with increasing need of nanoparticle uses 

in various fields of food science and food microbiology, including food processing, food 

packaging, functional food development, food safety, detection of foodborne pathogens, and 

shelf-life extension of food and food products. In nanotechnology biosensors could serve as 

detectors of food pathogen and other contaminations and as devices to track food products. 

Nanotechnology may also be useful in encapsulation systems for protection against 

environmental factors. Nanoparticles reduce leaching, which will help to protect the environment 

from whatever preservatives are used. In addition to this, it can also be used in the design of food 

ingredients such as flavours and antioxidants (Imafidon and Spanier, 1994). The goal is to 

improve the functionality of such ingredients while minimizing their concentration.  

As the infusion of novel ingredients into food materials popularity (Haruyama, 2003), 

greater exploration of delivery and controlled release systems for nutraceuticals will occur 

(Lawrence Rees, 2000).  Although nanotechnology can potentially be useful in all areas of food 

production and processing, many of the methods are either too expensive or too impractical to 

implement on a commercial scale. For this reason, nanoscale techniques were most cost-effective 

in the following areas of the food industry, development of a few functional materials, food 

formulations, food processing at microscale and nanoscale levels, product development and 

storage. Nano-photosynthesis can produce sugar and starch for food. 

Nanotechnology for agriculture 

 Highly efficient molecular nanotechnology farming will use no pesticide and herbicide, 

occupy less and generate no agricultural waste. Nano-robots like Nano-catalytic converter can 

also be sent up into atmosphere to convert NO into nitrogen and oxygen. If the agriculture 

technology still needs fertilizer, Nano-robots like Nano-NOx reducer can be sent up to capture 

NOx and transform it to ammonia and bring it down to the ground. Drexler suggested that Nano-

robots built and maintained with high performance greenhouses converting approximately 10% 

of current farmland could feed the world’s population and free up millions square miles of land 

to return to native habitat. Thus, the great extinction of species halted and sustainability assured 

(Drexler., 1986, 1991). 

Nanotechnology is considered a potential solution enhancing the ability of plants to 

absorb nutrients, molecular management of diseases, rapid disease detection, monitoring 

environmental conditions and enhancing the ability of plants to absorb nutrients or pesticides etc. 

Preservation of food is in the agricultural field with a major concern of safety of food products. 

Here, biosensors are needed to detect the quality and health of agricultural products and 
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livestock. Biosensors is composed of a biological component, such as a cell, enzyme or antibody 

linked to a tiny transducer, a device powered by one system that then used to measure and 

identify the test substance.  Therefore, if there is a large concentration of bacteria in a particular 

food, the biosensor will produce strong signal indicating that the food is unsafe to eat (Gutierrez 

et al, 2012).     

Environmental management is therefore concerned with the description and monitoring 

of environmental changes, with predicting future changes and with attempts to maximise human 

benefit and to minimise environmental degradation due to human activities. Technology has 

profoundly shaped society, the economy and the environment. Technology has caused many 

environmental and social problems, but it is also a key to addressing environmental degradation, 

climate change, food scarcity, waste management, and other pressing global challenges (Kumar 

et al., 2014). 

Nanotechnology for nano-energy 

In the energy production processes CO2, SO2, NO, radioactive wastes and other pollutants 

were generated. Solar energy would be an effective alternative and feasible in most areas of the 

globe. Solar electricity generation depends on either by photovoltaic conversion of sun light or 

concentrating direct sun light. Nanotechnology has opened up promising new avenues for 

making inexpensive solar cells as well as improving the performance and lowering the cost of 

fuel cells that are eyed as the energy source for cars and trucks in the future. 

Drexler have proposed to resurface existing roads with a coating of high efficient solar 

cells topped by a layer of tough diamond (Drexler et al., 1991). Battelle have developed a way 

by using solar energy to convert water into oxygen and hydrogen. They have also developed an 

artificial photosynthetic membrane which can convert sunlight into energy (Battelle et al., 2002). 

In 2002, Sayama from National Institute of Advanced Industrial Science and Technology 

(NIAIST) Japan has successfully used an artificial photosynthesis system to split water into 

hydrogen and oxygen under visible light (Sayama et al., 2002). Scientists at Common Wealth 

Scientific and Industrial Research Organization (CSIRO) Australia are using biomimetic 

engineering to produce food with solar energy (Ken-Hews-Tayer, 2002, Steven et al., 2000).  

IMEC is conducting research on thin film crystalline Si solar cells, Gallium arsenide 

(GaAs) solar cells to improve the efficiency and cost of solar cells (Nijs et al., 2001). Alivisatos 

have developed polymer type solar cells (Alivisatos et al., 2002). Photo electrolytic fuel energy 

system uses self-replicating Nano-robots mimicking first half of photosynthesis to produce 

hydrogen. Nano-robots are ranging in size from 0.1-10 micrometres and constructed at nanoscale 

or molecular scales. Fuel cells made of carbon nanotubes are used to interface with all energy 
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consumption. In this system, quantum dots type of solar cell coating is applied to building 

external surface and specially designed solar trees. Integrating nano-electronics, nano-electro-

mechanical system (NEMS), nanomaterial and develop novel devices which are lighter and 

stronger material, more energy efficient and less friction enabled by Molecular Nanotechnology 

(MNT) will automatically lead to less energy consumption.  

Nanotechnology deals with developing materials, devices, or other structures possessing 

at least one dimension sized from 1 to 100 nanometers. Meanwhile, biotechnology deals with 

metabolic and other physiological processes of biological subjects including microorganisms. 

Nanotechnologies are being used in a range of energy areas to improve the efficiency and cost-

effectiveness of solar panels, create new kinds of batteries, improve the efficiency of fuel 

production using better catalysis and create better lighting systems. Nuclear wastes can be 

collected and concentrated by specific nano-robots. Products of molecular nanotechnology could 

combine with conventional approaches to dealing with nuclear waste and helping to store it in 

the most stable form (Ahmadi et al, 2019). Using nano machines we could seal them in self-

sealing containers and powered by cheap nano-solar energy. 

Nanotechnology for resource management 

 Nanotechnology could transform the forest products industry in virtually all               

aspects ranging from production of raw materials, to new applications for composite, to new 

applications for paper products, to new applications for generations of functional nanoscale 

lignocelluloses. Emerging nanotechnologies enables the development of a wide range of new or 

enhanced wood based materials and products that offer cost effective substitutes for non-

renewable materials used in the manufacture of metallic, plastic or ceramic products. Scientist 

has developed a natural tissue resembling nanomaterial derived from it which is also working 

towards establishing a nanomaterial derived from lignin and hemicelluloses through fundamental 

studies. 

 Cellulose material such as wood chips, grasses and corn stalks would be useful for 

ethanol production. This cellulose is heated and converted into carbon monoxide and hydrogen 

gas. A bacteria is then used as a catalyst in the conversion of the gas to ethanol. Nanotechnology 

may help this process both through genetic engineering of the bacteria to improve its 

performance as a catalyst and by providing alternative catalyst. Researcher have found that 

carbon nanotubes containing Rhodium (Rh) nanoparticles acts as very effective catalysts for the 

conversion of the gas to ethanol. Using nanotechnology and genetic engineering to produce 

ethanol from cellulose has the potential to make a serious dent in our consumption of crude oil 

and do not endanger food crops and forests (Earl Boysen, 2007). 
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Nanotechnology for pollution control 

Air pollution can be remediated using nanotechnology in several ways. One is through 

the use of nano-catalysts with increased surface area for gaseous reactions. Catalysts work by 

speeding up chemical reactions that transform harmful vapors from cars and industrial plants into 

harmless gases. Therefore, by detecting pollutants by specific sensors, we can help to protect the 

sustainability of human health and the environment. Thus, nanotechnology provides us with a 

new approach to cut down the waste production, reduce the emission of greenhouse gases and 

discharge of hazardous chemicals in water bodies (Shekdar, 2009). 

Molecular nanotechnology enabled solar energy becomes exclusive energy source. Our 

long term energy umbilical cord that ties us with fossil fuel can finally be served. One of the 

reasons for Global Climate change causing environmental pollution is due to burning of the 

fuels. Hence, future vehicles that constructed with nanomaterial, driven by nano-electro-

mechanical system and powered by hydrogen fuel cell or solar cell will totally eliminate 

transportation related SO2 and NOx emission which causes acid rain and smog (Chen & Kan, 

2008).   

Presently available diesel burning engines are a major contributor to environmental 

pollution. They emit a mixture of gases and fine particles that contain some 40 toxic chemicals, 

including benzene, butadiene, dioxin and mercury compounds. Japanese scientists have come up 

with the solution for this problem. They proposed a unique technique for effectively collect 

diesel soot’s but also a method for using this soot as a precursor for the production of single 

walled carbon nanotubes (SWCNTs). The researchers first collect the exhaust soot from the 

diesel engines of an electric generator and a vessel by means of the technique developed by 

Nishimoto (https://www.nanowerk.com). Particulate matter from diesel engines is effectively 

trapped on ceramic filters in the exhaust pipe. The particulate matter, mainly composed of soot, 

soluble organic fractions and sulphates, is separated from the filters by ultrasonic washing with 

water or ethanol. The diesel soot was predominantly collected by Soxhlet extraction of the 

particulate matter with ethanol. The collected diesel soot recycled by this method was then 

subjected to laser vaporization to synthesize single walled carbon nanotubes (SWCNTs). The 

extracted soluble organic fractions can be recycled as diesel fuel. 

Molecular nanotechnology is useful for treatment of toxic wastes and water as               

well as soil contaminations etc. After identifying the chemical properties of the organic 

contaminations, specific nano-robots for attacking specific contaminants at their weak points can 

be devised. An army of these nano-robots can then be deployed into contaminated sites, whether 

it is in water or soil is to render the contaminated harmless by rearranging their atoms. The nano 

https://www.nanowerk.com/
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robots can be designed decayable and so no retrieval would be needed after mission completion. 

They can also be designed reprogrammable, so after each task, they can be retrieved and 

reprogrammed for the other cleaning task. They are useful to convert atmospheric CO2 valuable 

materials. The carbon extracted by nano-robots can be used in synthesizing functional and 

structural materials. The researchers form Rice University have discovered that 12-nanometer 

magnetic nanoparticles can remove better than 99% of the arsenic in a solution, while their 

counterparts at Oklahoma State University have engineered nanoscale sensors that can detect 

pollutants at the level of parts per billion (Sharon  McCarter, 2007). This technology is made up 

of nano-porous fibres that have tiny pores less than 1000th of the width of a human hair and 

contain materials which trap volatile hydrocarbons and other gases so they can be removed from 

the air flow. The Eco fabric sacks manufactured by Grenyarn, made up of nanoparticles of 

bamboo, charcoal are embedded within the yarn. It is safe and does not wash off unlike some of 

the fabrics with antibacterial coating (https://www.nanowerk.com/spotlight/spotid=465.php).  

Using artificial intelligence, UT Southwestern researchers have discovered a new family 

of sensing genes in enteric bacteria that are linked by structure and probably function, but not 

genetic sequence. The findings, published in PNAS, offer a new way of identifying the role of 

genes in unrelated species and could lead to new ways to fight intestinal bacterial infections. (UT 

Southwestern Medical Center News Release 1 Jul, 2022). 

Research in D'Souza's group is directed towards understanding the mechanism for 

synthesis of nanoparticles in biological systems for achieving better control over shape, size and 

kinetics together with characterization and application. Silver nanoparticles have many important 

applications that include: spectrally selective coating for solar energy absorption and 

intercalation material for electrical batteries as optical receptors, polarizing filters and catalysts 

in chemical reaction. Besides these particles also find use as staining pigments for glasses and 

ceramics, as transparent conducting coating, in electronics, in surface-enhanced Raman 

spectroscopy, in bio-labelling and as antimicrobial agents.  

Application of silver nanoparticles in these fields depends on the ability to synthesize 

particles with different chemical composition, shape, size, and monodispersity. Furthermore, the 

particles should be chemically stable without undergoing degradation such as partial oxidation or 

undesired sintering. There are several physical and chemical methods for synthesis of silver 

nanoparticles, including chemical reduction of silver ions in aqueous solutions with or without 

stabilizing agents, thermal decomposition in organic solvents, chemical and photo reduction in 

inverse micelles and radiation chemical reaction that are followed by the material scientists 

currently. However, in view of the rapid progress of application of nanomaterials in different 

https://www.nanowerk.com/spotlight/spotid=465.php
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fields, development of simple and eco-friendly synthesis methods are gaining importance. Using 

the natural processes of biological systems is an obvious route to take (Charych et al., 1996; 

Mulhall, 2002). 

In the atmosphere, SO2 and NOX gases can be transformed into sulphate and nitrate 

particles, while some NOX can also react with other pollutants to form ozone. These particles and 

ozone make the air hazy and difficult to see through. This affects our enjoyment of national 

parks that we visit for the scenic view such as Shenandoah and the Great Smoky Mountains. 

Walking in acid rain, or even swimming in a lake affected by acid rain, is no more dangerous to 

humans than walking in normal rain or swimming in non-acidic lakes. However, when the 

pollutants that cause acid rain SO2 and NOX, as well as sulphate and nitrate particles are in the 

air, they can be harmful to humans. SO2 and NOX react in the atmosphere to form fine sulphate 

and nitrate particles that people can inhale into their lungs.   

Many scientific studies have shown a relationship between these particles and effects on 

heart function, such as heart attacks resulting in death for people with increased heart disease 

risk, and effects on lung function, such as breathing difficulties for people with asthma. 

Nanotechnology offers the potential for new and faster kinds of computers, more efficient power 

sources and life-saving medical treatments. Potential disadvantages include economic disruption 

and possible threats to security, privacy, health and the environment. Toxicological studies have 

shown that nanoparticles have toxic effects on unicellular aquatic organisms and aquatic animals, 

such as fish and Daphnia. Carbon nanotubes are a limiting factor of growth in protists, and they 

have toxic effects on the respiratory systems of rainbow trout (Deepak & Thakur., 2015). 

 The plastics are harmful to the environment because they contain non degradable 

polymers. A group of Chinese researchers have used has reported that they have used 

nanotechnology to turn CO2 waste into biodegradable plastics and has secured three patents on 

this technology. Growth in the plastics industry is due to the versatile nature of plastics, which 

has resulted in their application and use in varied industries. Plastics can be used over a wide 

range of temperatures, are biologically inert, corrosion resistant, and cheap, have a high specific 

strength, are good heat and electrical insulators, and are durable. The plastics industry has 

contributed significantly to economic growth, creating employment for over 60 million people 

globally.  

Plastics used in the medical, transportation, manufacturing, water, and sanitation and 

food packaging sectors have enabled, respectively: the manufacture of medical instruments and 

artificial organs, reduction in fuel costs, potable water supply and storage, as well as a reduction 

in food wastage, as food is preserved for longer periods. Plastics are commonly produced from 
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petroleum-based feedstock. It is estimated that about 4% of the world’s oil is used in plastics 

manufacturing, while a further 3-4% is used to provide energy to produce these plastics. It is 

expected by 2050 that the whole plastics industry will constitute 20% of the world’s total oil 

consumption (Lambert & Wagner., 2017; Mazhandu et al., 2020). 

Water quality and nanotechnology 

Everyday much water is wasted because it is almost but not entirely pure. By using 

nanotechnology we can use simple reliable mechanical and electrical treatment technologies to 

treat the water of agricultural, industrial and domestic use. Nanotechnology is being used to 

develop solutions to three very different problems in water quality. These technologies require 

only initial manufacturing and a modest power supply. Green nanotechnology can be seen as 

supporting the development of sustainable solutions to address global issues such as energy 

shortages and scarcity of clean water, and many other areas of environmental concern, and being 

present in environmentally sustainable manufacturing processes. Water purification using 

nanotechnology exploits nanoscopic materials such as carbon nanotubes and alumina fibers for 

nanofiltration. It also utilizes the existence of nanoscopic pores in zeolite filtration membranes, 

as well as nanocatalysts and magnetic nanoparticles (Liao et al., 2012; Qu et al., 2013; Das et al., 

2014). 

 One of the biggest challenges is the removal of industrial wastes, such as a cleaning 

solvent called TCE from groundwater. Nanoparticles can be used successfully to reach 

containments dispersed in underground ponds and at much lower cost than methods which 

requires pumping the water out of the ground for treatment. The second challenge is the removal 

of salt or metals from water. A de-ionization method using electrodes composed of nano sized 

fibres shows promise for reducing the cost and energy requirements of turning salts water into 

drinking water. The third problem concerns the fact that standard filters do not work on virus 

cells. A filter only a few nanometres in diameter is currently being developed that should be 

capable of removing virus cells from water (Mahapatra et al., 2018). 

 

CONCLUSION: 

 Today, all human activities are exerting tremendous pressure on the environmental 

sustainability. Environmental nanotechnology is the application of nanotechnology techniques to 

reducing or preventing damage to our environment. There is no doubt that research on emerging 

molecular nanotechnology in all industrial fronts, such as nano-electronics, nano-biotechnology, 

nano-material’s, nano-energy, nano-particles in Ecology and environment protection would 

develop safely, green technologies for clean-up environmental pollution, improve renewable 
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energy management, purify water and air quality. This review research paper explores potentially 

beneficial links between nanotechnology, science and engineering, medical science and 

engineering, green-chemistry and engineering, agriculture and engineering practiced on the 

molecular scale. 
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