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ABSTRACT

Agriculture is the backbone of most of the developing countries in which a major part of their income comes from agriculture sector and more than half of the population depends on it for their livelihood. The current global population is nearly 6 billion with 50% living in Asia.                                                                                                                                                                                                           According to‘The State of Food and Agriculture 2013’ of the Food and Agriculture Organization (FAO) of the Unite Nations, 12.5 percent of the world’s population (868 million people) are undernourished in terms of energy intake. Of these people, 852 million were reported to be citizens of developing countries. According to the estimates of the Food and Agricultural Organization (FAO), agricultural production would need to grow globally by 70 per cent by 2050 and more specifically by almost 100 per cent in developing countries,to feed the growing population alone.Agriculture needs modernization and innovation to meet the increasing demands of food for the growing global population and to maintain environmental sustainability simultaneously.There is urgent need to embrace new technologies like biotechnology, nanotechnology, high-tech protected cultivation and modern irrigation methods to accelerate agriculture production. New technologies are needed to push the yield frontiers further, utilize inputs more efficiently and diversify to more sustainable and higher value cropping patterns. These are all knowledge intensive technologies that require both a strong research and extension system and skilled farmers but also a reinvigorated interface where the emphasis On  mutual exchange of information bringing advantages to all. At the same time potential of less favoured areas must be better exploited to meet the targets of growth and poverty alleviation. The word "biotechnology"  was  coined by Hungarian Károly Ereky in Hungary during 1919 to describe a technology based on converting raw materials into a more useful product. Biotechnology” refers to the use of living organisms or their products to modify human health or the environment in which we live. Thus, in the sense that planting crops, breeding animals, fermenting foods and beverages, and baking bread fit this definition . Biotechnology is thousands of years old. Some early examples include the domestication of plants more than 8,000 years ago and the use of yeast in the fermentation and production of wine and beer in the 11th CENTUARY (Office of Technology Assessment, U.S. Congress, New Developmesnts in Biotechnology--Fields Testing Engineered Organisms: Genetic and Ecological Issuess, at 34 (1988). Genetically Modified Crops (GMC) to the doorsteps of millions of farmers throughout the world at the beginning of the twenty-first century. The country has also developed golden rice which is rich in ß-carotene. This is a great solution for India as nearly 5,000 children go blind every year because of ß-carotene deficiency.
Nanotechnology
The term"nanotechnology" was first coined by Professor Norio Tanaguchi in 1974. (Bulovic et al., 2004). Nano means one-billionth, thus nanotechnology deals with materials measured in a billionth of a meter. A nanometer is 1/80,000 the diameter of a human hair or approximately ten hydrogen atoms wide. The United States, Brazil and Germany will lead the nanotechnology industry in 2024, with an important presence in the Top 15 Asian countries such as Japan, China, South Korea, India, Taiwan and Malaysia. In order to promote nanotechnology, the US Federal Government introduced the National Nanotechnology Initiative (NNI) in 2001. .                                                                                                                                                                                               Nano biotechnology is a revolutionary, novel and innovative technology  of the 21st century.
that attracts researchers and scientists from different disciplines, including physicists, chemists,
engineers, and biologists across the globe. Owing to its high surface area to volume size ratio, exhibit significantly novel and improved physical, chemical, and biological properties, phenomena, and functions , which are used in various fields such as optical devices, catalytic, bactericidal , electronic,sensor technology, biological labeling, cosmetics, clothing and numerous consumer products, treatment of some cancers and modernize the agricultural research and development with new tools for the molecular treatment of diseases, rapid disease detection, enhancing the ability of plants to absorb nutrients etc.Smart sensors and smart delivery systems will help the agricultural industry combat viruses and other crop pathogens In the near future nano structured catalysts will be available which will increase the efficiency of pesticides and herbicides, allowing lower doses to be used. Nanotechnology will also protect the environment indirectly through the use of alternative (renewable)energy supplies, and filters or catalysts to reduce pollution and clean-up existing pollutants.  
The nanoparticle synthesis
A variety of methods are being used for thesynthesis of nanoparticles, which are generally
categorised into two categories (Royal Society and Royal Academy of Engineering).
(a) Top-down approach (which focus on reducing the size of bulk materials) and(b) Bottom-up approach (where materials are synthesised from the atomic level)

Top-down: In top-down approach, mechanicalphysical procedures such as grinding, milling, and
crushing are used to manipulate a small number of atoms or molecules to construct exquisite patterns. This approach makes substantial use of nano
composites and nano-grained bulk materials such as metallic and ceramic nanomaterials (10 - 1000 nm).
b) Bottom-up: In a ‘Bottom-up’ approach, several molecules self-assemble in parallel steps based on their molecular recognition characteristics. From atoms or molecules, this processing yields
increasingly complex structures. This approach is mostly used to produce nanomaterials with consistent sizes, morphologies, and size ranges (1 - 100 nm). Several microorganisms and higher plants were found to be effective, ecologically friendly . [image: ]


Table 1 Synthesis of metallic NPs from various biological species
Sr.no.     Species    Nanoparticles    Size (nm)      Morphology     Application 

Bacteria
1 Bacillus cereus                                      Silver                     20–40                          Spherical                            Antibacterial activity
                                                                                                                                                                    against Escherichia  coli,
                                                                                                                                                                Pseudomonas aeruginosa,
                                                                                                                                                   Staphylococcus aureus, Salmonella
                                                                                                                                                                      typhi, and Klebsiella
                                                                                                                                                                       pneumonia bacteria
2 Pseudomonas proteolytica,
Bacillus cecembensis
                                                                  Silver                      6–13                        Spherical                     Antibacterial activity
                                                                                                                                                                  against A. kerguelensis, A.
                                                                                                                                                                 gangotriensis, B. indicus, P.
                                                                                                                                                                  antarctica, P. proteolytica,
                                                                                                                                                                              and E. coli
3 Lactobacillus casei                                   Silver                 20–50                  Spherical        Drug delivery, cancer  treatments,
                                                                                                                                                                          bio-labeling
4 Klebsiella pneumonia,
Escherichia coli, Enterobacter
cloacae
                                                                  Silver                 28–122                Spherical              Optical receptors, electrical
                                                                                                                                                                      batteries, antimicrobial
5 Bacillus indicus                                      Silver                             –                       –                               Antimicrobial, catalysis 

6 Plectonema boryanum 
UTEX 485
                                                                Gold                  < 10–25                   Cubic, octahedral                       –
7 Bacillus subtilis 168                              Gold                   5–50                       Hexagonal-octahedral             – 
8 Bacillus megaterium D01                     Gold                  < 2.5                          Spherical                           Catalysis, biosensing [163
9 Shewanella alga                                  Gold                    pH 7: 10–20              Triangular                             - 
10 E. coli DH 5α                                     Gold                    8–25                              Spherical             Direct electrochemistry of
                                                                                                                                                                        hemoglobin

        Application  of  nanotechology  in Agriculture                                                                                          1 Precision farming                                                                                                                                                                   Precision farming has been a long-desired goal to maximise output (i.e. crop yields) while minimising input (i.e. fertilisers, pesticides, herbicides, etc) through monitoring environmental variables and applying targeted action. Precision farming makes use of computers, global satellite positioning systems, and remote sensing devices to measure highly localised environmental conditions thus determining whether crops are growing at maximum efficiency or precisely identifying the nature and location of problems. By using centralised data to determine soil conditions and plant development, seeding,fertilizer,                                          [image: ]





 chemical and water use can be fine-tuned to lower production costs and potentially increase production all benefiting the farmer. In the Erosion, Technology and Concentration (ETC) group down to farm it is described that precision farming can also help to reduce agricultural waste and thus keep environmental pollution to a minimum .Tiny sensors and monitoring systems enabled by nanotechnology will have a large impact on future precision farming methodologies. One of the major roles of nanotechnology enabled devices will be increased use of autonomous sensors linked into a GPS system for real-time monitoring.  In these sensors  short pulse-based Time Spread On–Off Keying (TS–OOK) modulation technique is used (Rupani et al. 2015). ).These nanosensors could be distributed throughout the field where they can monitor soil conditions and crop growth. The union of biotechnology and nanotechnology in sensors will create equipment of increased sensitivity, allowing an earlier response to environmental changes.
Nanosensors utilising carbon nanotubes12 or nano-cantilevers 13 are small enough to trap and measure individual proteins or even small molecules other materials like  gold, silver, cobalt, magnetic NPs CNT,and QDs are used  for    nano biosensors. Nanoparticles or nanosurfaces can be engineered to trigger an electrical or chemical Signal in the presence of a contaminant such as bacteria.Other nanosensors work by triggering an enzymatic reaction or by using nanoengineered branching molecules called dendrimers as probes to bind to target chemicals and proteins. Ultimately, precision farming, with the help of smart sensors, will allow enhanced productivity in agriculture by providing accurate information, thus helping farmers to make better decisions. Livestock may be identified and tracked through commerce using implanted nanochips. Nanoparticles may deliver growth hormone or vaccines to livestock, or DNA for genetic engineering of plants.
NanoFertilizers                                                                                                                                              Fertilizers have played a pivotal role in enhancing the food grain production in India especially after the introduction of high yielding and fertilizer responsive crop varieties during the green revolution era. Despite the resounding success in grain yield, it has been observed that yields of many crops have begun to stagnate as a consequence of imbalanced fertilization and decline in organic matter content of soils. Excessive use of nitrogenous fertilizer affects the groundwater and also causes eutrophication in aquatic ecosystems. Conventional fertilizers have a nutrient utilization efficiency of just 30–35 percent.For N, P, and K, the percentages are 18–20 percent, 35–40 percent, and 18–20 percent, respectively . Besides much of the fertilizers are unavailable to plants as they are lost as run-off leaching causing pollution. . Nanomaterials have potential contributions in slow release of fertilizers. Nanocoatings or surface coatings of nanomaterials, on fertilizer particles hold the material more strongly from the plant due to higher surface tension than conventional surfaces. Moreover, nanocoatings provide surface protection for larger particles (Brady and Weil, 1999; Santoso et al., 1995). Nanofertilizers when combined with nanodevices for synchronized release of N and P fertilizer prevent unwanted nutrient losses to the environment (DeRosa et al. 2010) by leaching and/or leaking (Veronica et al. 2015). Nanoparticles with diameter lesser than the cell wall pores (5–20 nm) can pass into the plant cells straightly through the sieve-like plant cell wall configurations.After dissolution of nanofertilizer in water, soluble nutrient ions are released into the into the soil. The soluble nutrient ions are like dissolved conventional fertilizers; thus plants take up nutrient ions released from nanofertilizers. The proportion and range of dissolution of nanofertilizers in aqueous medium and soil solution are greater (due to considerable lesser particle dimensions and greater specific surface areas) (Liu andLal 2015). A patented nano-composite consists of N, P, K, micronutrients, mannose and amino acids that increase the uptake and utilization of nutrients by grain crops has been reported (Jinghua, 2004) . Encapsulation of fertilizers within a nanoparticle is one of these new facilities which are done in three ways a) the nutrient can be encapsulated inside nanoporous materials, b) coated with thin polymer film, or c) delivered as particle or emulsions of nanoscales dimensions (Rai et al., 2012) the use of carbon nanoparticles together with fertilizer can increase grain yields of rice (10.29%), spring maize (10.93%),soybean (16.74%), winter wheat (28.81%) and vegetables (12.34–19.76%) . the application of porous nanomaterials, such as zeolites, clay or chitosan significantly reduces the losses of nitrogen by regulating the demand-based release and enhancing000the plant uptake process Ammonium charged zeolites have the potentiality to increase the solubility of phosphate minerals and thus exhibit improved phosphorus availability and uptake by crops . Graphene oxide films, a carbon-based nanomaterial, can prolong the process of potassium nitrate release, which extends the time of function and minimizes losses by leaching in zinc deficient soil, application of nano zinc oxide at low doses positively influences the growth and physiological responses, such as shoot and root elongation, the fresh dry weight and photosynthesis in many plant species. the application of multiwalled carbon nanotubes (MWCNTs) positively influences seed germination of different crop species including tomato, corn, soybean, barley, wheat, maize, peanut and garlic. carbon nano materials fullerols, as OH-functionalized fullerenes have commonly exerted positive effects on plant growth. The fullerenes enhanced hypocotyl growth in Arabidopsis by stimulation of cell divisions. Similarly, nano SiO2, TiO2 and Zeolite application positively stimulate seed germination in crop plants. Disfani et al. also found that Fe/SiO2 nanomaterials have significant potential to improve seed germination in barley and maize.  seed dressings with Fullerol not only increase fruit number, fruit size, and final yield by up to 128%, but also stimulate the content of bioactive compounds, such as cucurbitacin-B, lycopene, charantin and inulin in fruits of bitter melon (Momordica charantia) . The application of nano-iron fertilizer not only increased the agronomic traits of Dracocephalum moldavica with sowing density,but also improved essential oil contents of plants. Similarly, foliar application of nano- zinc and boron fertilizers was found to increase fruit yield and quality, including 4.4%–7.6% increases in total soluble solids (TSS), 9.5–29.1% decreases in titratable acidity (TA), 20.6%–46.1% increases in maturity index and 0.28–0.62 pH unit increases in juice pH on pomegranate (Punica granatum) without affecting any physical fruit characteristics . Silicon dioxide (SiO2) nanoparticles have been utilized in pumpkin plants to establish their defense responses to abiotic stress by improving transpiration (water-use efficiency), carbonic anhydrase activities, and photosynthetic pigments. Titanium dioxide (TiO2) has altered photoreduction potential and blocked linolenic acid in the electron transport chain (ETC) located in chloroplasts for oxygen evolution.   Nanomaterials alleviate this stress by collecting osmolytes, activating specific genes, and supplying free amino acids and nutrients. Negatively charged plant cell walls promote cationic penetration instead of anionic nanoparticles. Therefore, negatively charged nanoparticles have higher transportation efficiency, with better translocation and internalization. For instance, cerium oxide (CeO) nanoparticles (positively charged) get adsorbed onto negatively charged root surfaces while negatively charged CeO2 nanoparticles display restricted root accumulation but enhanced shoot internalization via overcoming the electrostatic resistance. In Zea mays, foliar spray of TiO2 nanoparticles increased photosynthetic pigments with better crop yield. Plants produce antioxidants (secondary metabolites) during adverse situations such as nutritional deficiency, salt, and drought. Nano-fertilizers such as nTiO2 provide sufficient nutrients for improved antioxidant regulation in plant cells via enhanced photosynthetic responses and enhanced photo assimilation potential of leaves and grain yield. In more than 95 percent of plants, the application of nTiO2 increased fresh and dry mass by improving photosynthetic capacity and nitrogen metabolism by improving pigment formation and conversion of light energy into biochemical energy via improved photophosphorylation, which also upregulated biological carbon sequestration through the Calvin cycle.  
  Delivery of pesticides/biopesticides   The global nanopesticide market size is expected to grow at a significant CAGR  of 14.6% during the forecast period 2020 to 2027.   The increasing demand for food production globally and the rising use of various pesticides around the
globe are some major factors to drive the market growth over the forecast period. The global nanopesticide market is segmented into product type, application, end-user, and region. On the basis of type, the market is classified into insecticides, herbicides, fungicides, and nematicides. The insecticides segment held the largest market share in 2019 and accounted for over 41% of market share in terms of revenue Research Corridor (2020) According to global urea market report, the demand for urea is 187.8 million metric tons in 2020 and it is estimated that by 2026 that demand will be 211.5 million metric tons .  Nanopesticides offer a way to both control delivery of pesticides and achieve greater effects with a lower chemical dose. The first type of nanopesticides can be foreseen in the form of active ingredient(s) that are either manufactured nanomaterials such as metal nanoparticles (e.g. silver and copper ) or metal oxide nanoparticles (e.g. zinc oxide, copper oxide, manganese dioxide, silicon dioxide, titanium dioxide) .The synthesis and application of nanopesticides aims to enhance efficacy and durability of a pesticide and at the same time to reduce the amount of active ingredients present and minimize or eliminate any potential hazards.  In conventional  farming Very less amount of pesticides (nearly 0.1%) reaches to the target sites, and the rest are lost to the environment by runoff, spray drift, off-target deposition, and photodegradation, thus increasing environmental and application costs (Castro et al. 2013).  Several types of materials viz., surfactants, organic polymers and mineral nanoparticles that fall in the nanometer size range are used in formulation of nano-pesticides (Alfadul et al., 2017).The benefits of nano material based formulations are the improvement of efficacy due to higher surface area, higher solubility, induction of systemic activity due to smaller particle size and higher mobility and lower toxicity due to elimination of organic solvents in comparison to conventionally used pesticides and their formulations (Sasson et al., 2007) [49. Clay nanotubes (halloysite) have been developed as carriers of pesticides at low cost, for extended release and better contact with plants, and they will reduce the amount of pesticides by 70-80%,The nanoencapsulation process is used for both pesticides and fertilizers.Nanoencapsulation is also used for pesticides, especially for hydrophobic, (their insolubility in water is a limiting factor); this tool provides greater stability, improving its dispersion in aqueous media, and allowing a controlled release of the active compound, which increases its effectiveness in the control of pests and reduces the doses of treatment in crops and human exposure]. The polymers used in nano-encapsulation for nanopesticides are generally of natural origin, such as polysaccharides (e.g. alginate, carrageenan, xanthan gum, chitosan, modified starch), and proteins (chicken egg albumin, zein, casein, α-lactalbumin, β-lactoglobulin, collagen, gelatine) . Coacervates of proteins and negatively charged polysaccharides have also been used for the nanoencapsulation ofvarious substances..Polylactide nanocomposites are characterized with high sorption capacity and enhanced conductivity properties (up to 6 or even 9 orders of magnitude) with respect to the pristine polymer (Conductivity = 1 × 10−10 S/m) . These properties of nanocomposites can be applicable in the plant-soil-water interface to increase the ion transport and sorption of nutrients.Residues of products of nanopesticides containing nano-sized or nano-formulated agro-chemicals might be present in products as consumed .Moreover,the slow release of the active components in pesticides through nanocapsules or nanoemulsions implies a greater persistence in the organism and as a result, a greater risk . An adhesive hollow mesoporous silica hybrid with a well-defined spherical shape was used as a nanocarrier of cyantraniliprole (CNAP) to fabricate an adhesive nanopesticide (CNAP-HMS-PDAAM).The results indicated that CNAP-HMS-PDAAM showed long-term control against Cnaphalocrocis medinalis (Guenee) and Chilo suppressalis (Walker), mainly due to its strong adhesive property on rice leaves . 
Nano-herbicide                                                                                                                                                                                                                                            Herbicides are used to kill weeds and unwanted grasses. They possess high levels of toxicity and a long half-life and are frequently unaffected by standard treatment. Generally, weeds grown along with crops affect the growth and yield of crops, and hence, traditional herbicides are applied to restrict the growth of undesired weeds. However, the application of herbicides might [image: https://ars.els-cdn.com/content/image/1-s2.0-S2773111122000080-ga1.jpg]   affect plant growth and developmentNano-herbicides can be effectively used to solve such type of issues The nanoherbicides are easily dissolved in soil particles and kill the weeds and could be designed in a form that is less hard on crops. Nano-enabled herbicides are shown to have the remarkable potential to destroy weeds and improve crop yields .Moreover, NPs applied as a mixture with certain herbicides such as atrazine, ametrine, triazine, and the effectiveness of these nano-enabled herbicides improved by 84% A commonly used herbicide to eliminate weeds and unwanted grasses is atrazine. Once weeds are destroyed by herbicides, the nutrients available in the soil remain solely accessible for plants; consequently, plants develop resistance to diseases caused by nutrient deficiencies .Moreover, the use of modified NPs in combination with carboxymethyl cellulose could also improve pesticide breakdown efficiency .the products made by the technology of nano or micro– encapsulation was most reliable for controlled and timely release of the chemicals.Nanoparticles encapsulated herbicides have been proven to release the active ingredients of herbicides slowly without imparting any toxic impact to the soil or soil biota. This technology can help to achieve weed control with long term sustainability of soil. The penetration ability of the nanoformulations is made so efficient that the herbicides would be carried directly into the plant metabolic system, where it could malfunction the targeted molecules or molecular pathways. The rational time –bound and smart release of the active ingredients avoids their residues to delocalize and metabolizes it before the resistance would develop. The nanocarriers required for preparing nanoherbicides provide short- and long-residual herbicides based on the need by averting the lethal dose at which the plant could develop herbicide resistance. Thus the nano formulations can be a boon in achieving the goal of sustainable and economic agriculture. Nanoherbicides are also used to overcome the perennial weed menace by killing viable underground plant organs of perennial weeds such as rhizomes and tubers, which help in faster propagation of those weeds. The use of H2O2 at 300 ml/m2 followed by pendimethalin at 0.75 kg/ha + ZnO nanoparticles at 500 ppm/m2 resulted in a significant reduction in weed emergence patterns due to the disruption in the seeds before and during their emergence, and resulted in increase in blackgram yield (Vimalrajiv et al). In Cyperus rotundus (purple nutsedge) tubers, phenols are the major factor of dormancy because of which C. rotundus tubers persist and interfere with the growth of crops during the following season. Maximum degradation of the phenolic compound vanillic acid was reported with iron oxide (Fe2O3) nanoparticles at 25 mg i.e., 60.6% degradation relative to control (Viji and Chinnamuthu 2019). The enhanced degradation of phenols and dormancy breakdown the enhanced germination of C. rotundus tubers was observed with the treatment of zinc oxide nanoparticle at 3 g/kg (Viji and Chinnamuthu 2015b) and iron oxide (Fe2O3) nanoparticles at 25 mg (Viji and Chinnamuthu 2019). Iron oxide nanoparticles resulted in a higher percentage of phenol breakdown (89%) than the control at 3.0 g/kg tubers (Viji and Chinnamuthu 2015a). According to Brindha and Chinnamuthu (2017) ZnO nanoparticles significantly decompose phenolic compounds in C. rotundus. Tubers of C. rotundus treated with ZnO nanoparticles at dosages of 1500 mg/kg in dry form (powder form) and 2250 mg/kg in wet form (liquid form) had a substantial impact on tuber germination via degradation of phenol and biochemical components. Perennial weeds management through exhaustion of food reserves The nano-particles encapsulated with herbicide molecules are used to target the receptors present in the roots of the weed. After their entry, their translocation in the system causes inhibition of glycolysis which deprives the plants of food reserves leading to starvation and death. The food reserves in the tubers of C. rotundus are depleted by silver nanoparticles. The degradation of starch into reducing sugars is brought by the interaction of á amylase with silver nano-particles (Viji et al. 2016). Faster foliar penetration, movement and impact in the plant system of nano-herbicides Depending on the entry point, several tissues (epidermis, endodermis) and barriers (Casparian strip, cuticle) must be traversed by herbicides before reaching the vascular tissues (roots or leaves). Nanomaterials can move up and down the plant using the apoplastic and/or symplastic pathways, as well as radial movement to switch from one to the other. Endocytosis, pore formation mediated by carrier proteins, and plasmodesmata has all been postulated as methods for the internalisation of nanoparticles within cells (Perez-de-luque 2017). According to Nguyen et al. (2014), negatively charged nanoparticles had a faster foliar penetration than those with a positive zeta potential. The presence of polysaccharides rich in galacturonic or glucuronic acid units gives plant cell walls a negative charge. Nanoparticles having a positive charge collect and aggregate on the tissue surface as a result of electrostatic contact. Negatively charged nanoparticles, on the other hand, have a larger distribution inside plants due to their poor interaction with the cell wall (Zhu et al. 2012). Nanoparticles and nanomaterials will effectively enhance the foliar absorption of herbicides by: lowering the size of herbicide particles to nanoscale; dissolving the wax-impregnated lipid polymer with the nanoparticle in an active energy-demanding procedure; which enhances diffusion via wax, cutin, and pectin corridors when nanoparticle is mixed with herbicide as it becomes ionic; by reducing the interfacial surface tension of the droplet when nano adjuvants are added to a water droplet, leading the droplet to spread across the leaf surface; by provision of electrically charged electrons by nanoparticles. A significant increase in herbicidal efficacy with herbicidal activity directly through the vascular tissue of the leaves after a foliar contact of a nanoformulation of atrazine with Indian mustard (Brassica juncea L.) and the ability to maintain herbicidal action at low doses was demonstrated (Bombo et al. 2019). By transpiration pull, also known as acropetal translocation, nanocomposites increase concentration and travel with water and solutes. The addition of nanoparticles causes them to conjugate with glucose and spread throughout the plant system. The glyphosate translocation to the major tubers was greater when it was encapsulated with TiO2 nanoparticles. The encapsulated glyphosate coupled with Fe2O3, Ag, and TiO2 nanoparticles, secondary tuber formation of C. rotundus was inhibited during a 40-day observation period and the encapsulated glyphosate with various nanoparticles was found to be safe and had no significant effect on earthworm activity (Viji and Chinnamuthu 2015a).                                                                                Enhanced herbicide efficacy in rainfed ecosystem by smart delivery of nano formulations                            In rainfed ecosystems, herbicide use under insufficient soil moisture may result in herbicide volatilization and lesser herbicide efficacy. In order to reduce the weed competition, controlled release of the nano-encapsulated herbicides is useful as nano encapsulated herbicides will have a dispersion effect on receiving adequate moisture in rainfed farming. On receiving rains, the weed seeds mortality occurs by the immediate release of new herbicide molecules. The release of Pend-CuCts (Pendimethalin-Copper Chitosan) nanoparticles in pH 5.5 (acidic) medium was highest, while the lowest release was recorded in pH 7.0 (neutral) medium (Itodo et al. 2017). Layer-by-Layer method (LBL) was used to coat manganese carbonate core material with appropriate polymers such as sodium Poly Styrene Sulfonate (PSS) and Poly Allylamine Hydrochloride (PAH) to obtain water soluble core-shell particles to load herbicide active ingredient for controlled release in rainfed agriculture. The etching procedure was used to create hollow-shell particles from core-shell particles. To achieve controlled release of the herbicide active ingredient, these hollow-shell particles were loaded with pendimethalin using a passive method. Even at 230oC, the formulation remained intact and without any microbial degradation (Kanimozhi and Chinnamuthu 2012). The herbicide was successfully enclosed in a MnO2 core shell shielded with bilayer polymers that would open up and release the active ingredient with the receipt of rainfall. Slow-release nano formulations for season long weed control Nanostructures have been developed as smart delivery systems to target specific sites and as nanocarriers for controlled herbicide release. Nanotechnology can improve existing crop management techniques in the short to medium term. Using systemic herbicides against parasitic weeds as nano capsules would help to avoid phytotoxicity on the crop. Nanoencapsulation can also improve herbicide application, providing better penetration through cuticles and tissues and allowing slow and constant release of the active substances . The herbicides encapsulated inside the polymer were produced using a solvent evaporation approach to produce nanostructures by encapsulating with protecting material for slow release, antimicrobial component to reduce the microbial degradation and capping agents to sustain under unfavourable weather condition. (Kumar and Chinnamuthu 2014, 2017). It was observed to get slowly released based on the availability of moisture apart from being protected from adverse climatic factors. Their efficacy in managing weeds needs to be thoroughly studied at different locations across India.                                       
Detoxification of herbicide residues                                                                                                            The long-term usage of herbicides leaves a large amount of residue in the soil, which might harm subsequent crops and the surface and groundwater sources have been known to be contaminated by herbicide residues. Hence, herbicide residue detoxification is important. Under regulated conditions, the use of silver modified with Fe3O4 nanoparticles stabilised with carboxy methyl cellulose (CMC) resulted in an 88 % degradation of atrazine (Susha et al. 2011). Paraquat and atrazine nano formulations were more effective against target weeds than pure herbicides, whereas genotoxicity and cytotoxicity tests demonstrated that non-target plants such as onion (Allium cepa L.) were less hazardous (Grillo et al. 2014). The use of poly (epsilon-caprolictone) (PCL) as an atrazine carrier after encapsulation had no influence on the herbicide’s long-term residual action on soybean as the mobility of atrazine was reduced, it resulted in a spectacular reduction in the phytotoxic accumulation of atrazine in soil, as well as increased herbicide activity (Pereira et al. 2014).                                                                                                                                                         VARYING NANO FORMULATIONS AND WEED MANAGEMENT Nano-encapsulation is the process of encapsulating solid, liquid, or gas nanoparticles (also known as the core or active) in a secondary substance (also known as the matrix or shell) to generate nanocapsules. Nano-encapsulation is a membrane controlled method in which herbicides are coated with any semi-permeable membrane, which could be organic or inorganic. Chitosan, poly propylene, poly ethylene, poly styrene, poly vinyl alcohol, poly allylamine hydrochloride, poly sodium 4- styrene sulfonate, poly vinyl pyrolidone, starch, and others are some of the polymers used. Encapsulation of active ingredient (a.i.) is done by: indirect method of nanoencapsulation (IDM), direct method of nanoencapsulation (DM), solvent evaporation method (SEM) and nano spray method (NSM). Herbicides can be encapsulated with nanoparticles to increase their efficacy by focusing at the unique receptor of a specific weed after entering the root system and inhibiting glycolysis, starving them to death. Poly-å-caprolactone (PCL) nano capsules were utilised as carriers for three triazine herbicides, ametryn, atrazine, and simazine, and their stability and appropriateness for controlled release systems were evaluated. The nano capsules had an association effectiveness of roughly 84% and the nano-capsules were discovered to be stable. The in-vitro release investigations showed that the polymer chains relaxed, resulting in a regulated release. As a result, using PCL nano-capsules in environmental systems may be a potential strategy to improve herbicidal behaviour (Grillo et al. 2012). The greater mortality of Bidens pilosa seedlings was observed even with a ten fold dilution (NC+ATZ at 200 g/ha) of PCL nanocapsules containing atrazine (NC+ATZ). The herbicide’s long-term residual impact on soybeans was not improved by encapsulating it in poly-å-caprolactone (Preisler et al. 2018). The utilization of atrazine-containing PCL nanocapsules potentiated the post-emergence control of Amarathus viri and B. pilosa by the herbicide (Sousa et al. 2018) indicating the potentiality of nanoformulation as an efficient alternative for weed control. Most natural bioactive chemicals have a limited environmental half-life, which could be addressed via nanoencapsulation. This would enable for effective weed management with just one spray, lowering rates, costs, and threats to the environment. Furthermore, nanoencapsulation could allow for the simultaneous application of many substances while inhibiting interactions until they are released (Korres et al. 2019). Nano-carrier Herbicide nanocarrier research is primarily focused on decreasing the environmental impact of herbicides, specifically reducing herbicide non-target toxicity. A wide range of nanoparticles and materials are being used in the development of nanoparticle based herbicides. The materials used include montmorillonite clay layers coated with a pH dependent polymer (Han et al. 2010), core hollow shell manganese carbonate (Kanimozhi and Chinnamuthu 2012), nano-sized tubular halloysite and platy kaolinite (Tan et al. 2015), amino-activated iron (II, III) oxide magnetic nanoparticles (Viirlaid et al. 2009), and nanosized rice husks (Abigail et al. 2016). Some of the nanocarrier materials include: chitosan, tri-polyphosphate, alginate, poly -åcaprolactone, starch and rice husk The zeolite Y surface changed with 1,1,3,3- tetramethyldisilazane (Zhang et al. 2006). Ion exchange loading of paraquat in zeolite revealed a loading capability of 14% of the weight. The paraquat loaded with alginate/chitosan resulted in less herbicide leaching than paraquat alone with a two-hour delay in release time compared to the herbicide alone (Da Silva et al. (2013). Chitosan/tripolyphosphate nanoparticles (NPs) with paraquat herbicide were less hazardous to crops and safe to use in weed management (Grillo et al. 2014). When sprayed pre-emergence, solid lipid nanoparticles containing both atrazine and simazine were found to be more effective in causing mortality of Raphanus raphanistrum, and when applied postemergence, they were just as effective as the herbicide alone (De Oliveira et al. 2015). Imazapic and imazapyr herbicides were loaded onto chitosan nanoparticles to reduce their toxicity (Maruyama et al. 2016). Rice husk biochar was discovered to be an effective and environmentally friendly carrier for 2,4- D. The 2,4-D nano formulation based on rice husk biochar (DrBC) could operate as a herbicide carrier while also reducing herbicide leaching and providing long-term release abilities (Abigail et al. 2016) The porous calcium carbonate was loaded by dissolving prometryn herbicide in ethanol and stirring it overnight. Herbicide could be held in the porosity to a maximum weight of 20% loading capacity and the composite showed 86 % prometryn release in 12 hours in aqueous solution, validated regulated release behaviour, and recorded 20 % greater efficacy in suppressing Cynodon dactylon. The composite demonstrated 3 times greater herbicide retention in the leachate test with the soil column than the control (Xiang et al. 2018).                                                                                     Nanoemulsion                                                                                                                                            Nano emulsions are emulsions that are nanoscale in size and are used to improve the delivery of active herbicidal substances. These are thermodynamically stable isotropic systems in which an emulsifying agent, such as surfactant and cosurfactant, is used to combine two immiscible liquids into a single phase. Nano-emulsion droplets are typically 20-200 nm in size. The nanoemulsion of pretilachlor microemulsion (ME) and monolithic dispersion (MD) was found to be much superior in managing Echinochloa crus-galli compared to the commercially available formulation (Kumar et al. 2016). At 1000 ìL/L, a nanoemulsion of Satureja hortensis L. essential oil totally reduced all growth characteristics of Amaranthus retroflexus (Hazrati et al. 2017). Even at a low dose of 0.05 wt %, nanoemulsions of Foeniculum vulgare essential oil completely inhibited the germination of Phalaris minor, Avena ludoviciana, Rumex dentatus L., and Medicago denticulata by affecting physiological processes such as membrane leakage and reactive oxygen species mediated cellular damage (Kaur et al. 2021). Nano-adjuvants There are commercially available herbicide adjuvants that claim to contain nanoparticles. Chandana et al. (2021) used a surfactant derived from nano-technology with a basis of soybean micelles to sensitise the crops resistant to glyphosate. Nano-biosensors Nano-biosensors can be used as a tool for detection of enzyme-inhibiting herbicides. The herbicide metsulfuron-methyl (an acetolactate synthase inhibitor) was detected in the soil using a novel nano-biosensor based on atomic force microscopy (Da Silva et al. 2013). Precision agriculture employs nanotechnology-based sensors to ensure the proper release of herbicide spray mixtures and precise control of herbicide applications. Herbicides could be used more effectively and efficiently with nano biosensors while being environmentally friendly The advantages and limitations of nano formulations The advantages of nano formulations include: phytotoxicity elimination or minimization; reduction of herbicides application rate per hectare and minimizing environmental pollution and CO2 emission; enhanced soil herbicide residues mitigation; safety to the microbiota in the soil with encapsulated nano herbicides (Maruyama et al. 2016); enhanced efficacy of herbicides under rainfed agriculture due to slow-release nano formulations; greater selectivity against the target weeds; greater effectiveness against herbicide resistant weeds and improved quality of crop produce. In addition to advantages, there are certain limitations of nano formulations which include: inhibition of seed germination, shoot, and root growth of crops like wheat, barley and onion by nanoparticles such as Ag, TiO2, and others; human health concerns as nanoparticles can easily enter the human body through the skin; environmental concerns as nanoparticles can persist in soil, water, and plants, posing a threat to human health. The greatest concern is the high production cost of nanomaterials.
 SMARTSEEDS                                                                                                                                        Seeds can also be imbibed with nano - encapsulations with specific bacterial strain termed as Smart seed. Su and Li (2004) [54] developed a technique known as quantum dots (QDs) as a flourescence marker coupled with immuno-magnetic separation for E coli 0157:H7, which will be useful to separate unviable and infected seeds. It will thus reduce seed rate, ensure right field stand and improved crop performance. A smart seed can be programmed to germinate when adequate moisture is available that can be dispersed over a mountain range for reforestation. Coating seeds with nano membrane, which senses the availability of water and allow seeds to imbibe only when time is right for germination, aerial broadcating of seeds embedded with magnetic particle, detecting the moisture content during storage to take appropriate measure to reduce the damage and use of bio analytical nanosensors to determine ageing of seeds. Khodakovskaya et al. (2009) [26] have reported the use of carbon nanotube for improving the germination of tomato seeds through better permeation of moisture. Carbon nanotubes (CNTs) serve as new pores for water permeation by penetration of seed coat and act as a passage to channelize the water from the substrate into the seeds. These processes facilitate germination which can be exploited in rainfed agricultural system.                                                                                                                                        Smart Delivery Systems
In the near future, nanosensor with unique characteristics could be developed to reform the agricultural systems as “smart.” “Smart cards” can be implanted inside plants for optimizing productivity, resource utilization, and product traceability and “smart machines” for attaining higher accuracy, capacity, and appropriateness of the operations. Similarly, smart nano-micro machines can be developed to alleviate the impacts of agriculture in the environment and ecosystems (Opara 2002). As, for example, tiny sensors can be utilized to detect plant diseases before showing visible symptoms and thus can be used for both prevention and early warning through controlled or smart delivery of chemicals in a similar manner for drug delivery of nanomedicine in humans (Khiyami et al. 2014). The USDA has shown innovative way for developing “Smart Field System” going beyond sensing to autonomous detections, locating, report generation, and application of water, fertilizers, and pesticides. Intel has developed nanoscale sensors and mounted motes in a vineyard in Oregon, USA, for minute-scale temperature measurement with “proactive computing.” Similarly, Crossbow Technologies has developed motes which are capable for managing irrigation water in the farm, pesticide application, detecting and warning of frost occurrence, timing to harvest farm produce, bioremediation, and assessing of water quality. For years, researchers are working to develop more efficient fertilizer and pesticide delivery systems for controlled discharge of their cargo responding to various indicators such as electromagnetic fields, moisture, heat, etc. due to the changes in environmental conditions. Agrochemical companies like Syngenta has developed nanoemulsion product named Primo MAXX® plant growth regulator that increases resistance against different stress occurrences during the crop growing period and Karate® ZEON, an encapsulated product that provides control against insect pests ofdifferent crops like soybeans, cotton, rice, and peanuts.                                                                       NANOTECHNOLOGY FOR MOISTURE RETENTION
In the arid region where there is low water holding capacity of soil and low nutrient mobilization is a chronic problem. To solve this problem researcher group of Central Arid Zone Research
Institute (CAZRI) undertaken to study about the effect of ZnO nanoparticles on polysaccharide and phosphatases and phytase secretion by two most important phosphatases and phytase
producing organisms Aspergillus terreus CZR1 and Aspergillus flavus CZR2  Organic polymers can play important role in ecosystems by accumulating biologically important elements and also by retaining soil moisture after aggregating soil particles. Extracellular polymeric substances (EPS) play an important role in cell aggregation, cell adhesion, and biofilm formation that subsequently protect cells from a hostile environment. Furthermore, certain polysaccharides from microbial sources are surface active, and thus attempts have been made to use them as
metal chelaters, emulsifiers and flocculants in industrial and environmental fields/domain. Such use of microbial polysaccharides has infused renewed interest in its production and characteristics. Worldwide efforts are being done in this direction.As Zn is the structural component of phosphatases and phytase enzymes as well as polysaccharides, it can be hypothesized that application of nano–Zn may help more secretion of polysaccharides for better soil aggregation, higher moisture retention as well as phosphatases and phytase enzymes secretion, which may be involved in phosphorous mobilizing for plant nutrition from mainly unavailable organic sources.                                                                           

Sustainable water use: In order to make agricultural production more sustainable and optimize
water use, nano-hydrogel can be applied. It is able to absorb and release water and nutrients in cycles, leading to more efficient use of water A study on silver coated hydrogel showed that soils to which this hydrogel is added can hold 7.5% more water than soils without .Furthermore, the hydrogel can store between 130 and 190 times its own weight of rainwater or irrigation water Bio- degradable hydrogels are especially promising since it decreases the amount of contaminants . Hence, NT can be especially useful in dry areas. This is highly needed as drought is considered the largest environmental risk for crop production                                                                         

   Environmental Remediation Nanoremediation (use of nanoparticles for environmental remediation) can be used to treat ground and surface water (purification disinfection
and desalination), wastewater, soil, sediment, or other pollutants and to control air pollution. In nano remediation, reactive nanomaterials are used to detoxify and transform the pollutants. In this process, reactive nanoparticles are injected into a contaminated aquifer via an injection well. The reactive nanoparticles are carried away with groundwater to the contaminated site. When the nanoparticles come to contact with contaminants, these can sequester through adsorption or complexation, immobilize them, and degrade the contaminants to less
toxic and less mobile compounds. Direct push wells are less costly than drilled wells and are the most frequently used tool for remediation with nano-iron. A nanoparticle slurry is also used for sites pecific regions (Lowry 2007). Performance of many reactive nanoparticles has been evaluated. Nanoscale zeolites, noble metals, carbon nanotubes (CNT), metal oxides, and titanium dioxide are used for environmental remediation. Nanoscale zerovalent iron (nZVI) is the utmost attractive and usually used material for environmental remediation because of high surface area and reaction rate. nZVI with particle diameter range from 10 to 100 nm are injected into the site for degrading contaminated site by creating a nanoparticle “wall” which cleans water when contaminants pass through nZVI or by using mobile nanoparticles sufficiently small to pass through soil pores When nZVI is used for remediation of contaminated site, it generates less amount of hazardous compound during the remediation process (Varma and Nadagouda 2009). Bimetallic nanoparticle (BNP) is also used in nanoremediation. BNP consists of iron or other metal elements conjugated with metal catalyst like platinum (Pt), nickel (Ni), gold (Au), and palladium (Otto et al. 2008; Zhang and Elliot 2006). Palladium and iron BNPs are mostly used for TCE (trichloroethane) removal (Zhang and Elliot 2006). Recently, use of carbon nanotubes (CNTs) has been increased because of unique properties.CNTs are nanomaterials that are rolled into a tube and are categorized as singlewalled
carbon nanotubes (SWNT) and multi-walled carbon nanotubes (MWNTs).They are applied for the removal of heavy metals like Cr3+, Pb2+and Zn2+ metalloids like arsenic compounds and removing persistent organic pollutant (POP) like dioxin and volatile organic compounds (VOCs) (Agnihotri et al. 2005). The use of various nanomaterials like CNTs and TiO2 shows potential for purification, disinfection, and desalination of surface water (Theron et al. 2008). 



Table 2 Uses of different types of nanomaterials for surface and wastewater treatments 
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P. Pramanik et al.treatment, nanoparticles may be used as sorbents or reactive agents (like photocatalysts or redox agents). Nanoparticles are also used in membranes for nanofiltration. Nanoparticle-based filtration techniques can be used for controlling air pollution. Automobile tailpipes and factory smokestacks fitted with nanofilters will be able to separate contaminants and will prevent their atmospheric entry.Nanosensors can be used to detect toxic gas leakage even at extremely low concentrations.                                                                                                                                   Removal of heavy metals
Ligand based nanocoating can be utilized for effective removal of heavy metals as these have high absorption tendency. It becomes cost effective as it can be regenerated in situ by treatment with bifunctional self-assembling ligand of the previously used nanocoating media. Multiple layers of metal can be bonded to the same substrate using crystal clear technologies [47] and this technology is expected to be available in near future. According to [48], another strategy for the removal of heavy metals is the use of dendrimer enhanced filtration (DEF) and it can bind cations and anions according to acidity.                                                                                                                                                  Nanotechnology in Wastewater Management
There are various types of nanomaterials reported, which could be used in the wastewater treatment such as polymeric nanoparticles (NPs), metal NPs, carbon-based nanomaterials, zeolite, self-assembled monolayer on mesoporous supports (SAMMS), biopolymers and many more [32]. Nanotechnology-based pathways, which are being employed for wastewater remediation, are adsorption and biosorption, nanofiltration, photocatalysis, disinfection and pathological control, sensing and monitoring and so on.
Adsorption and Biosorption
Adsorption is an exothermic process and a surface phenomenon which involves the process of the transfer of a phase (a molecule or ion present in either liquid or gaseous bulk) called adsorbate, onto a solid, rarely liquid surface called an adsorbent to form a monomolecular layer on the surface via physicochemical or chemical interactions under specific conditions  . Biosorption is a kind of adsorption in which biological materials such as certain type of bacteria, algae or fungi act as adsorbents due to their intrinsic property to bind and mount up heavy metals, even from a very dilute aqueous solution or via metabolically mediated (by making use of ATP) or spontaneous physicochemical pathways of uptake (not at the cost of ATP). The process of biosorption principally involves microprecipitation, ion exchange and cell-surface complexation . 
. Carbon-based Nano-Adsorbents
In various fields of science and technology, carbon science has been studied for decades. Nanostructures of carbon are known to have different low-dimension allotropes of carbon such as activated carbon, carbon nanotubes (CNTs), and the C60 family of buckyballs, graphite, and graphene . Carbon nanostructures are widely used as nanoadsorbents for wastewater treatment owing to their abundant availability, cost-effectiveness, high chemical and thermal stabilities, high active surface areas, excellent adsorption capacities, and environmental friendly nature .For years, activated carbon is being used as the most common adsorbent due to their high porosity and large surface area. Although, high cost confines their use, therefore different allotropes of carbon and functionalized carbon are being examined as nanoadsorbents 
CNTs are cylindrical, bulky molecules comprised of hybridized carbon atoms in hexagonal assortment, which may be produced by rolling up single or multiple sheets of graphene in order to make single-walled CNTs (SWCNTs), and multiple-walled CNTs (MWCNTs), respectively Researchers are showing great interest towards CNTs because of their exceptional properties, such as their mechanical flexibility, high specific surface areas, and large pore volumes and that is why CNTs are extensively being exploited in wastewater treatment .As adsorbents, these CNTs have shown superior performance over other adsorbents attributed to tunable surface chemistry, which permits surface modifications, a chemically inert nature, hollow structure, high specific surface area, light mass density, high porosity and strong interaction with pollutants .All these properties make them excellent to be utilized in wastewater treatment Heavy metals and ions present in water are a serious peril to the environment as well as human health. Yadav and Srivastava investigated adsorption and desorption of Mn7+ ions by CNTs and observed that CNTs adsorb Mn7+ efficiently and UV-Visible spectrophotometric analysis revealed that CNTs brought down its concentration from 150 ppm to 3 ppm. They have used laboratory grade KMnO4 as a source of Mn7+ ions.  
Demand of pharmaceutical products has grown a lot as a result of population growth and widespread illness. Antibiotics are one of the most widely consumed pharmaceutical product and thus their discharge in the surrounding ecosystem has also increased. Such products, when consumed by humans or other living organisms, cause serious health issues. Kariim et al. synthesized MWCNTs adsorbent by making use of activated carbon derived from wood sawdust, and doped it with nickel-ferrites (Ni-Fe) for the sorption of metronidazole and levofloxacin from pharmaceutical wastewater. The surface morphological analysis revealed the surface area of pure activated carbon and Ni-Fe supported activated carbon CNTs, which was 840.38 and 650.45 m2/g, respectively. Results from the adsorption process demonstrated a high adsorption capacity of developed MWCNTs for metronidazole and levofloxacin . Zhao and coworkers prepared magnetic MWCNTs (MMWCNTs) that possess the property of both magnetic NPs and CNTs for the removal of tetracycline (TC). The prepared MMWCNTs exhibited the size of 10–50 nm, magnetic separability (10.8 emu/g), and high adsorption capacity (qm =4 94.91 mg/g, 308 K). MMWCNTs showed >80% efficiency in adsorptive removal of TC in the pH range of 2–10, when the TC concentration was less than 80 mg L−1, as determined in batch experiments including adsorption kinetics, adsorption isotherms, and the effect of the initial pH on TC adsorption by the MMWCNTs. The well-fitted Langmuir isotherm and pseudo-second-order dynamic adsorption model indicated that the adsorption of TC onto MMWCNTs principally involved chemical and monolayer adsorption . Similarly, Yang and coworkers developed surface oxidized nano-cobalt magnetic nanomaterial embedded with nitrogen-doped CNTs (Co@CoO/NC) for effective adsorption of TC and rhodamine B (RhB). The optimized Co@CoO/NC showed an excellent adsorption capacity for both RhB (679.56 mg⋅g−1) and TC (385.60 mg⋅g−1). Being a recyclable and reusable magnetic adsorbent, Co@CoO/NC maintained 75% and 84% of adsorption capacities for TC and RhB, respectively, after four repetitions 
In 2017, Bankole et al. put an effort to make purified CNTs functionalized with polymers as a nanoadsorbent to remove chemical oxygen demand (COD) from wastewater coming from the electroplating industry. Various polymers, such as amino polyethylene glycol (a@PEG), polyhydroxylbutyrate (PHB), purified CNTs (P-CNT), and amino polyethylene glycol with polyhydroxylbutyrate (a@PEG-PHB) were used to functionalize the prepared MWCNTs. Each of the functionalized MWCNTs was allowed to equilibrate for the time of 70 min and then evaluated for an order of maximum COD removal and the order was a@PEG-CNTs (99.68%) > PHB-CNTs (97.89%) > P-CNTs (96.34%) > a@PEG-PHB-CNTs (95.42%). Sorption equilibrium data were best described by Freudlich isotherm with the correlation coefficient of R2 > 0.92 than Langmuir isotherm. The adsorption kinetics for COD removal from wastewater coming from electroplating industry fitted best to the pseudo-second-order model with rate constant within the range of 4 × 10−5 to 1 × 10−4 (g·mg−1 min−1) 
Graphene is a two-dimensional material composed of sp2 hybridized carbon atoms compiled in a hexagonal assortment and exhibits ambipolar electric field effects, classical thermal conductivity and quantum hall effects at room temperature, and possesses high surface area and porosity, which makes it an excellent candidate to adsorb several gases like methane, hydrogen, and carbon dioxide. A high surface area, increased active sites, huge delocalized π-electron systems, and good chemical stability render it suitable to be utilized as an adsorbent for wastewater handling (Figure 1). Properties of this material can be modulated by altering the layer’s number and stacking . Graphene oxide (GO) is a single monomolecular layer of graphite with a variety of oxygen holding functionalities such as hydroxyl, carboxyl, carbonyl, and epoxide groups . Currently, GO, along with magnetic particles, has gained considerable attention as an adsorbent for wastewater treatment because of its simple design, lower sensitivity, low cost and ease of operation towards the toxic pollutants.  Chen et al. envisaged the preparation of aerogel (AG) of GO/aminated lignin (GO/AL-AG) for adsorption of malachite green (MG) dye in wastewater and compared the adsorption capacity at different aerogels dosage, pH, contact time and reaction temperatures. The maximum adsorption capacity and efficiency of prepared GO/AL-AG was revealed by experimental results and was found to be 113.5 mg/g and 91.72% under the optimal conditions. The adsorption performance of GO/AL-AG was enhanced significantly in comparison with other AG in the experiment and this was attributed to the synergy between the carboxyl group present over the surface of GO and the amine of aminated lignin. The adsorption efficiency of the GO/AL-AG was about 90% within 5 cycles of adsorption–desorption . Similarly, Bu et al. developed GO functionalized by thiosemicarbazide (TSC) (GO-TSC) as an adsorbent material for efficient removal of methylene blue (MB) from wastewater. The GO, and GO-TSC had high stability with maximum adsorption capacity of 196.8, and 596.642 mg/g, respectively .Zheng and co-workers prepared hydrogel of GO decorated with silver nanoparticles (Ag NPs) followed by integration with a porphyrin complex as a wastewater remediation technique for adsorption of dyes present in wastewater. Hydrogels were modified with different porphyrin complexes and were evaluated for their adsorption capacity and it was found that tetraphenylporphyrin-modified hydrogel exhibited the highest adsorption capacity (130.37 mg/g) for MB . Recently, Sirajudheen et al. fabricated a hydrocomposite (HCP) of GO supported by a biopolymer, namely chitosan (CS) (GO/CS-HCP) for the efficient removal of organic pollutants from wastewater. The fabricated GO/CS-HCP showed the maximum adsorption capacity for Congo Red (CR) (43.06 mg/g) followed by Acid Red 1 (AR1) (41.32 mg/g) and reactive Red 2 (RR2) (40.03 mg/g) dyes in wastewater. Enhanced adsorption was observed at pH 2 and the removal efficiency decreased with an increase in the pH. Prepared GO/CS-HCP showed an ideal desorption, with more than a 65% regeneration ability in the 0.1 M NaOH solution.  
[image: Molecules 26 01797 g003 550]
Figure 1. Graphical representation of structure and absorption sites of graphene sheets 
Metal based Nanoadsorbents
Currently, metal-based nanomaterials as adsorbents are catching the eyes of researchers . Nanometals and their oxides such as Fe3O4 TiO2 MnO2  ZnO and CdO are extensively used to remove heavy metals, ions and dyes from wastewater Nanometal oxides are considered more effective adsorbent as compared to activated carbon when removal of heavy metals and radioactive metals are concerned. Additionally, their small size and large surface area offers a small intraparticle diffusion distance which can be compressed without altering their surface area. The sorption process is mainly governed by the complexation between dissolved metals and the oxygen in metal oxides.
Wastewater coming from oil refinery contains a variety of ions and metals such as calcium (Ca2+) and copper (Cu2+). To remove such metals and ions, He et al. prepared reusable nanoadsorbents based on Fe3O4/GO-COOH by the magnetization and carboxylation of GO. The nanoadsorbents showed 78.4% and 51% percent removal of Ca2+ and Cu2+ respectively, at 60 min. The nanoadsorbent retained high recovery rates (82.1% for Ca2+ and 91.8% for Cu2+) and removal percentages (72.3% for Ca2+ and 49.33% for Cu2+) after five adsorption–desorption cycles . 
Peralta et al. developed magnetic nanoadsorbents based on silica and evaluated its potential for the elimination of organic pollutants such as contaminants of emerging concern (CECs), polyaromatic hydrocarbons (PAHCs), and aliphatic hydrocarbons (AHCs). The preparation process included the covering of magnetic iron oxide NPs with a hybrid shell consisting of silica and 3-(trimethoxysilyl)propyl-octadecyldimethyl-ammonium chloride (3-TPODAC) as a structure-directing agent. The prepared magnetic mesostructured silica NPs (MMSSNPs) were further modified by means of trimethoxyphenylsilane, to get nanoadsorbents functionalized with phenyl (MMSSNPs-ph). Both the materials were characterized and evaluated for batch sorption tests with single and a mixture of contaminants, and the results revealed that MMSSNPs-ph is more proficient for the adsorption of PAHCs and AHCs. The presence of phenyl and 3-TPODAC moieties on the mesostructured silica scaffolds was found to be a key factor in obtaining high PAHCs uptake from aqueous media. The prepared MMSSNPs-ph was also tested against CECs such as carbamazepine, diclofenac, and ibuprofen and the result showed that although MMSSNPs had better adsorption capacities of CECs, MMSSNPs-ph attained high ibuprofen and diclofenac uptakes . 
Sadak., et al. fabricated polyacrylic acid (PAA) conjugated ferric oxide (Fe3O4) magnetic NPs (MNPs), which were further functionalized with CR azo dye (PAA-CR/MNPs). This PAA-CR/MNPs system showed a binding affinity for various cations such as Fe2+, Fe3+, Cd2+, Cu2+, and Pb2+. Heavy metal removal efficiency of PAA-CR/MNPs was investigated at various pHs, temperatures, reaction conditions, and times with a special emphasis on Pb2+. The removal efficiency and adsorption capacity of PAA-CR/MNPs for Pb2+ were found to be maximal at 6.5 pH and 45 min of reaction time, and the Pb2+adsorption kinetics were best fitted to a pseudo second-order model 
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