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A B S T R A C T 
Plant micronutrients play an important role in the growth and development of plants. Their deficiency causes reduction 
of yield and growth. Most of the plants derive their nutrition from the soil which is the major natural source of all 
nutrients. Inorganic nutrients get fixed in the soil as insoluble forms thus not being available in essential quantities to the 
roots. Micronutrient nanoparticles can substitute chemical fertilizers which can be used to increase agronomic yield, 
foliar sprays have proven to be easily absorbed and show high use of efficiency. Nanoparticles exhibit unique properties 
due to their small dimension between 1-100nm.They show significantly improved physical, chemical and biological 
properties. Biological synthesis is an ecofriendly process in contrast to other physical and chemical methods which makes 
use of toxic substances and leave residues which harm natural microflora of the soil. Microalgae based biosynthesis of 
nanoparticles is an emerging field known as “phyco-nanotechnology”, which has a wide range of potential applications 
that are being explored. Algae contain bioactive molecules that act as reducing, capping and stabilizing agents for 
manufacturing nanoparticles. Biosynthesis of micronutrient nanoparticles is a boon as depletion of soil nutrients due to 
climatic changes causes nonavailability of nutrients to the crop plants. 
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Agriculture is the backbone of our country, with 

cultivable land of 159.7 million hectares and suitable weather 

we stand second in the production of various crops, fruits and 

vegetables [1]. Growing population and increasing demand for 

safe and healthy food makes improvement of crops with 

advance techniques the need of the hour. Droughts, floods, lack 

of irrigation facilities, pests, diseases and abiotic stresses are 

taking their toll on the agricultural sector. Management of 

agricultural practices from multiple fronts is very essential for 

India to achieve a GDP growth of 9-10% in the coming years. 

Extensive use of chemical fertilizers to meet the rising demand 

is taking its toll on the health of people already prone to various 

infections. Nanotechnology offers novel applications in the 

preparation of new formulations of fertilizers and pesticides 

which strengthens agricultural diversity and productivity. 

Nanofertilizers have the ability to release their nutrients at a 

slow and steady pace [2]. Nanotechnology is gathering 

information of atom in nano scale range, with considering the 

physical, catalytic, magnetic, optical properties [3]. Recent 

advancements in the fabrication of nanomaterials of different 

sizes and shapes have yielded their wide array of applications 

in medicine, food and feed, cosmetics, electronics, space 

industries, drug-gene delivery, environmental science, 

agriculture and food processing. Throughout history, 

agriculture has always benefited from these innovations [4]. 

Their small sizes, wide and reactive surface areas, makes them 

an excellent bactericide, fungicide, nano-fertilizer and are also 

used in the diagnosis of plant diseases and as agricultural 

chemicals. 

 

Micronutrients  

Micronutritional imbalance in plants affect the plant’s 

response to the surrounding environment, changes in growth 

pattern, chemical composition, antioxidant defense capacity, 

decrease in resistance to biotic and abiotic stresses thereby 

reducing productivity. Fourteen different mineral elements are 

required by green plants for their proper growth, it includes 

macronutrients nitrogen (N), phosphorous (P), potassium (K), 

calcium (Ca), magnesium (Mg) and sulphur (S). The 

micronutrients chlorine (Cl), boron (B), iron (Fe), manganese 

(Mn), copper (Cu), zinc (Zn), nickel (Ni) and molybdenum 

(Mo) are required in small quantities which are generally 

absorbed from the soil. The soil conditions like pH, 

concentration of organic matter, concentration of oxides and 

carbonates, water runoff, are some of the factors that cause low 
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availability of micronutrients in required quantities to the 

plants, hence micronutrient nanoparticles when applied as foliar 

sprays have shown to make considerable changes in the yield. 

Two important strategies agronomic and genetic 

biofortifications are employed by scientists in recent years to 

increase bioavailability of minerals in agriculture produce 

thereby reducing the occurrence of mineral deficiency in human 

population [5-7]. Comprehensive knowledge on the 

bioavailability of micronutrients in the Crop-manure-soil 

system and how they meet requirements of human and animal 

nutrition are still lacking [8-9]. Manures are a rich source of 

micronutrients but excessive use causes salt and heavy metal 

accumulation in the soil along with a huge influx of pathogens. 

 
Boron: Boron is an essential micronutrient which plays 

an important role in cell structure, function and growth. It forms 

cis-diol groups with glycoproteins and glycolipids. Its 

deficiency causes cessation of root growth and decreases CO2 

assimilation due to reduction of stomatal conductance [10]. 

Depression of growing points and deformity of organs which 

also affects vascular tissues causing suppression of water intake 

and decrease in metabolic processes is reported [11].  Boron is 

required in very small quantities but is very essential.  

 
Copper: Copper is essential for photosynthesis where it 

is an active component of plastocyanin. It catalyzes various 

reactions and activates enzymes in plant-growth processes [12]. 

It plays a very important role in seed production. Deficiency of 

copper causes chlorosis, chloroplast deformation and drastic 

reduction of grain yield as a result of reduced photosynthesis. 

 
Iron: Iron is required to produce chlorophyll and 

participates in various physiological processes including 

respiration and other redox reactions [13]. Its deficiency causes 

chlorosis of young leaves usually in the interveinal region. It 

reduces antioxidant enzyme activity, which reduces yield 

drastically. Iron deficient plants tend to over accumulate heavy 

metals. Iron deficiency is a major nutritional problem affecting 

crop trees in calcareous soils. Iron (Fe) content in the soil is 

usually high but is not easily available as it is fixed in aerobic 

soils and soils with high pH as insoluble Fe3+, whereas plants 

generally absorb Fe2+ [14]. 

 
Manganese: Manganese is a critically essential element 

in plants which forms a part of the metalloenzyme cluster. In 

photosystem II (PS II) Mn is an essential part of the oxygen-

evolving complex (OEC) thus plays a significant role in 

photosynthesis. Mn fertilizer application to the soil can be 

effective only if the pH of the soil is also corrected which is 

impractical to farmers and hence there is a need to substitute 

with foliar sprays [15]. Manganese does not remobilize from 

older leaves to young leaves which have Mn deficiency as the 

foliar sprays are effective only for a limited amount of time 

[16]. It accelerates germination, onset of maturity, increases the 

availability of Phosphorous and calcium in the soil.  

 
Molybdenum: Molybdenum is a trace element which is 

available to plants as molybdate anion in the soil. They play a 

significant role in the enzymes which help in the geochemical 

cycles of Nitrogen, Sulphur and Carbon It is vital for the process 

of symbiotic nitrogen fixation in synthesis and activity of the 

enzyme nitrate reductase. Its deficiency causes paleness of 

leaves, improper flower formation and withering. Alteration in 

the morphology of leaves and lesions are also caused due to 

deficiency of Molybdenum [17]. 

Zinc: Zinc is an important micronutrient which plays an 

important role in the formation of chlorophyll, protein, lipid, 

carbohydrate, a cofactor in DNA and RNA polymerase 

enzymes and hormones. Abnormal roots, mottled leaves or 

chlorosis are a few symptoms of Zinc deficiency [18-19]. It is 

taken up by plants as the divalent Zn+2 cation. Zinc is found to 

be the only metal present in all the major six enzyme classes, 

viz. oxidoreductases, lyases, isomerases, transferases, 

hydrolases and ligases [20].  

 

Chlorine: Chlorine plays an essential role in 

physiological functions such as osmotic stomatal regulation, 

evolution of oxygen, disease resistance and tolerance. It affects 

the crop yield and quality. Deficiency symptoms are leaf spots, 

brown edges, wilting leaves and leaf mottling, especially at 

margins, shriveling and necrosis of leaves, frond fracture and 

stem cracking in coconut [21].  

 

Nickel: Nickel is a component of Urease enzyme and is 

essential in Nitrogen metabolism. Deficiency causes stunted 

growth, chlorosis, and deformation of various plant parts, leaf 

spots and foliar necrosis [22].  

 

Nanofertilizers 

Fertilizers are sprayed in many ways either to the soil or 

through leaves, even to the aquatic environments where these 

inorganic fertilizers are supplied in order to provide three main 

components, nitrogen, phosphorous and potassium in equal 

ratios or proportion as required. Nano-fertilizers are new 

generation of the synthetic fertilizers which contain readily 

available nutrients in nano scale range. Nano fertilizers are 

preferred largely due to their efficiency and environment 

friendly nature compared to conventional chemical fertilizers. 

The initial studies performed on nano materials have shown 

serious health hazards and showed toxic effects to human body. 

Nanoparticles synthesized chemically used for the delivery of 

fertilizers to plants poses serious threat to the microbial fabric 

of the soil as ecosystem causing membrane damage, reducing 

the annual growth of grass, depletion photosynthesis in various 

algae in routine waste water treatment plants, results showed 

serious impacts on plant - microbe interaction, affecting N2 

fixing symbiosis for which metals used for developing nano 

fertilizers are considered highly sensitive [23]. Biosynthesized 

nano fertilizers overcome the drawbacks of these chemical nano 

fertilizers. Biological fertilizers are the newest and most 

technically advanced way of supplying mineral nutrients to 

crops. A biological process with the ability to strictly control 

the shape of the particles would be a considerable advantage. 

The application of foliar spray SiO2 at the rates of (15, 30, 60 

and 120 mg) increased plant height (cm), number of 

leaves/plant and fresh and dry weights of leaves/plant (g), 

number of fruits / plant, mean weight of fruit, fruit length, fruit 

diameter and yield kg/plant and total yield as compared with the 

untreated plants under agricultural drainage water [24]. 

Pesticides used in agriculture are not very efficient; they 

pollute both terrestrial and aquatic environments as a result of 

their widespread use. Therefore, in agriculture, a positive effect 

on ecology can be made by using nano-agrochemicals instead 

of pesticides. Nano-agrochemicals containing polymeric 

nanoparticles, silver ions, gold nanoparticles and iron oxide 

nanoparticles are used as pesticides. Most of the pesticides are 

conventional resistant to biodegradation and are found to be 

carcinogenic in nature even at trace levels. Conventional 

methods of pesticide removal are disadvantageous due to their 

inherent time consumption or expensiveness. Nanoparticles 

alleviate both of these drawbacks and more so if it is 
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biosynthesized. Nanoparticles synthesized by agriculturally 

important microorganisms provide a cost-effective and eco-

friendly alternative for plant disease management. 

 

Synthesis and characterization  

Biological synthesis involves the use of natural living 

organisms and their metabolites which act as reducing and 

capping agents to convert bulk material to nanoparticles with 

unique properties. Microalgae can be used to synthesis 

nanoparticles extracellularly or intracellularly. Intracellular 

synthesis involves culturing the targeted microalgae, allowing 

it to interact with the precursor solution, separation and 

purification. Physicochemical procedures are used for 

characterization of the nanoparticle synthesized. While working 

on Plectonema boryanum silver nanoparticles were synthesized 

by reduction of silver nitrate solution, carried out by 

intracellular electron donor or exported by a membrane 

transporter system [25]. Reduction by nitrogenases, 

macromolecules, thylakoids poly saccharides and biomolecules 

has been reported [26]. 

Extracellular synthesis makes use of exudates like 

pigments, hormones, ions, proteins, antioxidants and enzymes. 

Cellular biomass extracts and cell free culture media, 

biomolecules and secondary metabolites are used for this 

purpose. Characterization of nanoparticles is done using SEM, 

TEM, UV-Vis Spectrophotometer, X-ray based analysis 

(Spectroscopy and Diffraction), FTIR, and magnetic 

techniques. Illumination, time of exposure, pH, temperature, 

nature of the microalgae, nutrient medium and precursor used 

play an important role in the synthesis of nanoparticles. 

 

Table 1 Biosynthesis of nanoparticles from microalgae 

Microalgae 
Nanoparticle 

synthesised 
Morphology / Mode of synthesis Size (nm) References 

Anabaena flos-aquoe β-FeOOH Nanorods 100 [27] 

Anabaena doliolum Ag Extracellular 10-15 [28] 

Anabaena strain L 31 Zn Spherical 70-100 [29] 

Chlamydomonas reinhardtii Ag Rectangular and round extracellular 1-15 [30] 

Chlamydomonas reinhardtii Au Rectangular and rounded 1-15 [31] 

Chlorella pyrenoidosa Au Icosahedral and spherical 25-30 [32] 

Chlorella vulgaris Au Spherical extracellular 2-10 [33] 

Chlorella vulgaris Ag Triangular 28 [34] 

Chlorococcum humicola Ag Spherical 16 [35] 

Diatoms Si, Au Extracellular - [36] 

Enteromorpha flexuosa Ag Circular 15 [37] 

Galdieria sp. Iron (II), Zn - - [38] 

Klebsormidium flaccidum Au Extracellular 10-20 [39] 

Nostoc sp. EA03 ZnO Star 50-80 [40] 

Phormidium cyanobacterium CuO Quasi-Spherical 10-40 [41] 

Pithophora oedogonia Ag Cubical and hexagonal, 24-55 [42] 

Plectonema boryanum UTEX 485 Ag Octahedral platelets 10-6 [43] 

Scenedesmus sp Ag - 15-20 [44] 

Spirulina platensis Ag Spherical 30-40 [45] 

Tetraselmis kochinensis Au Triangular, FCC, and spherical, Intracellular 5–35 [46] 

CONCLUSION 
 

Micronutrient deficient soils will produce crops deficient 

in micronutrients which in turn affects man and animals 

dependent on it. Deficiency not only affects crop yield and 

quality but also exhibits visible symptoms of physiological 

stress depending on the severity.  Foliar and soil applications of 

micronutrient nanoparticles and their effective management 

could enhance crop production, quality and reduce malnutrition  

 

in man and animals. Nanoparticles play an important role in 

stress management of crops in nutrient deficient soils, increase 

yield, improve germination and nutrient uptake. Foliar sprays 

of biosynthesized nanoparticles are more advantageous than 

chemically synthesized fertilizers as they do not leave any 

residue on the plants or soil. Biosynthesized micronutrient nano 

fertilizers are the need of the hour as it increases nutrients in 

plants thereby reducing malnutrition in man.
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