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Introduction 
 

Nanotechnology and agriculture  

 

The word “Nanotechnology” has originated 

from a Greek word “Nanos” which means 

“Dwarf”. The term “Nanotechnology” was 

first used by Norio Taniguchi in 1947. (EPA, 

2017).Nanotechnology is providing different 

Nano devices and Nano material which have a 

unique role in Agriculture such as Nano bio 

sensors to detect moisture content and 

nutrient status in the soil and also for site 

specific water and nutrient management, 

Nano fertilizers for efficient nutrient 

management, Nano fertilizers for efficient 

nutrient management, Nano fertilizers for  

 

 
 

 
 
 
 

 

effective weed control in crop field, Nano 

particles to increase seed vigour, Nano 

pesticides for efficient pest management. 

Nano pesticide can be used for efficient 

nutrient management, Nano particles can be 

also used as herbicide carrier material 

especially for herbicide such as Paraquat 

(Silva et al., 2011). Nano particles are 

effective in weed management (Chinnamuttu 

and Kokiladevi, 2007). Hence 

Nanotechnology have greater role in crop 

production with environmental safety, 

ecological sustainability and economic 
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In modern era large amount of fertilizers, pesticides, herbicides are used in crops to 

achieve more production per unit area but using more dose than the optimum of these 

chemicals and fertilizers lead to several problems like environment pollution (soil, water 

and air), low input use efficiency, degrade the quality of produce, develop resistant to 

weeds, disease insect and pest, degrade the soil, causes deficiency of micronutrients in soil, 

toxicity to different beneficial living microorganism present above and below the soil etc. 

Excessive use of fertilizers, pesticides and insecticides also caused several health issues in 

population. Despite these problems there is also challenge to feed the growing population 

of country. Therefore in future, there is need to produce nutritive agricultural produce rich 

in protein and other essential nutrient required to the human and animal consumption that 

is why emphasis should be laid on production of high quality food with required quantity 

of nutrients and proteins. For solving these problems in crop production Nano-fertilizers, 

pesticides may be the effective tools in agriculture for better pest and nutrient management 

(Jyothi and Hebsur, 2017). 
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stability. The Nano particles produced with 

the help of nanotechnology can be exploited 

in the value chain of entire agriculture 

production system (Tarafdar et al., 2012). 

Nanotechnology as a powerful new 

technology has the ability to create a great 

revolution and transformation in food supply 

system in global scope (Mir et al., 2015). 

 

The Nano-Particles have the following 

properties 

 

Nano particle has small size; there are more 

atoms on the surface of Nano-particle as 

compared to the interior of the Nano-particles. 

This leads to the larger surface to volume 

ratio which in turn leads to higher charge 

density and higher reactivity of Nano-

particles. 

 

Nano-particle have high surface area in 

comparison to volume, the behaviour of the 

atoms on the surface of particles becomes 

more than the inside the particles. Once the 

particles becomes small enough they exhibit 

quantum mechanical behaviour 

 

Due to large surface to volume ratio there is 

more interaction between atoms, when 

intermixed with material in Nano-particles, 

which leads to increased strength, increased 

heat resistance and decreased melting point. 

 

Nano-particle have higher catalytic activity 

when they are present in tetrahedral structure 

followed by cubic and spherical structure 

followed by cubic and spherical structure 

attributed to enhancement of chemical 

reactivity at the sharp edges of the corner at 

the former. 

 

The different Nano-particles except hydroxyl 

apatite, have Zeta potential in between +30 

and -30 mv and show high tendency to 

agglomerate to higher particle sizes (Adhikari 

et al., 2010). Nanoparticles can have varied 

compositions, from being composed of metal 

oxide, ceramics, silicates, magnetic materials, 

quantum dots, lipid polymers and dendrimers 

to emulsion. For example, polymer coated 

Nano fertilizers are used as agrochemical 

carrier due to its controlled release ability, 

where metal Nano particles show size 

dependant properties such as magnetism, 

fluorescence, photo catalytic degradation 

which have application in sensor 

development, agrochemical degradation and 

soil remediation (Ghormade et al., 2011). 

 

Nano fertilizers  

 

Nano-fertilizers are synthesized or modified 

form of traditional fertilizers, fertilizers bulk 

materials or extracted from different 

vegetative or reproductive parts of the plant 

by different chemical, physical, mechanical or 

biological methods with the help of 

Nanotechnology used to improve soil fertility, 

productivity and quality of agriculture 

produces. Nano particles can be made from 

fully bulky materials (Brunnert et al., 2006). 

Coating and binding of nano and sub nano 

composites are able to regulate the release of 

nutrients from the fertilizer capsule (Naderi et 

al., 2013). 

 

At Nano scale physical and chemical 

properties are differing than bulky material 

(Nel et al., 2006). Rock phosphate if use as 

nano form it may increase availability of 

phosphorus to the plant because direct 

application of rock phosphate nano-particles 

on the crop may prevent fixation in the soil. 

Similarly there is no iron and calcium fixation 

of the phosphorus, hence it increase 

phosphorus availability to the crop plant. The 

use of Nano fertilizers release nutrients for 

precise control can be effective step towards 

achieving sustainable Agriculture and 

compatible with the environment. Iron 

chelated Nano fertilizer can be considered as 

a rich reliable source of bivalent iron for plant 
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because of its high stability and gradual 

release of iron with wide Ph range (7-11). 

One advantage of this Nano fertilizer is using 

no ethylene compounds in its structure. 

Ethylene enhances growth process and 

prevents appearing indications caused by 

chlorosis in leaves (Monsef–Afshar et al., 

2013). Iron is critical for chlorophyll 

formation and photosynthesis and is important 

in enzyme systems and respiration of plants 

(Nandi et al., 2013).  

 

Using Nano-fertilizer for control of nutrient 

release could be considered as an effective 

way to achieving sustainable agriculture and 

Environment. Some soluble phosphate salts, 

heavily used in agriculture as highly effective 

phosphorus (P) fertilizers, causing surface 

water eutrophication, while solid phosphates 

are less effective in supplying the nutrient P. 

In contrast, synthetic apatite Nano-particles 

could hypothetically supply sufficient P 

nutrients to crops but with less mobility in the 

environment and with less bio available P to 

algae in comparison to the soluble 

counterparts. Nano-fertilizer application on 

the growth of soybean, enhancement of the 

growth rate and seed yield was reported with 

the application of Nano-apatite fertilizer as P 

source compared with conventional fertilizer 

treatment.  

 

Conventional fertilizer versus 

nanofertilizers  

 

Conventional fertilizers are generally applied 

on the crops by either spraying or 

broadcasting. One of the major factor that 

decide the mode of application is the final 

concentration is the final concentration of the 

fertilizers reaching to the plant but in actual 

very less concentration of (much below to 

minimum desired concentration) reaches the 

desired concentration) reaches to the targeted 

site due to leaching of chemicals, drift runoff, 

evaporation, hydrolysis by soil moisture and 

photolytic and microbial degradation. It has 

been estimated that around 40-70 % of 

nitrogen, 80-90% of Phosphorus and 50-90% 

of potassium content of applied fertilizer are 

lost in the environment and couldn't reach the 

plant which causes the sustainable and 

economic losses (Ombodi and Saigusa, 2000). 

These problems have initiated repeated use of 

fertilizer and pesticide which adversely 

affects the inherent nutrient balance of the soil 

but the large scale use of chemical fertilizers 

and pesticides has resulted in environmental 

pollution affecting flora and fauna. Tilman et 

al., (2002) reported that excess use of 

fertilizers reduces soil micro-flora diminishes 

nitrogen-fixation. Hence, it is important to 

optimize the use of chemical fertilization to 

full fill the crop nutrient requirements and to 

minimize the risk of environmental pollution. 

Therefore, it is necessary to test the other 

methods to provide the necessary nutrients for 

the plant growth and yield production, while 

keeping the soil structure in the good shape 

and environment clean (Miransari, 2011). 

 

Nanotechnology has provided the feasibility 

of exploring the nano scale or nano structured 

materials as a fertilizer carrier or controlled -

release vector for building of the so-called 

smart fertilizers as new facilities to enhance 

the nutrient use efficiency and reduce the cost 

of environmental pollution (Chinnamuth and 

Boopati, 2009). A nano fertilizer refers to a 

product in nano meter in nano meter regime 

that delivers nutrient to the crops. For, 

example encapsulation, inside nano materials 

coated with a thin protective polymer film or 

in the form of particles or emulsions of nano 

scale dimensions. Surface coating of nano 

materials on fertilizer particles hold the 

material the hold the material more strongly 

due to the surface tension than the 

conventional surfaces and thus helped in the 

controlled release (Brady and Weil, 1999). 

Delivery of agrochemical substance such as 

fertilizer supplying macro and micronutrients 
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to the plant is an important aspect of 

application of Nanotechnology in agriculture. 

Nano-fertilizer had controlled release of 

agrochemicals, site targeted delivery, 

reduction in toxicity and enhanced nutrient 

utilization of delivered fertilizers (Cui et al., 

2010). These attributes of Nanoparticles are 

due to their high surface area to volume ratio, 

high solubility and specific targeting due to 

small size, high mobility and low toxicity 

(Sasson et al., 2007). 

 

Advantage of nano fertilizers over 

commercial fertilizers 

 

Nanofertilizers are advantageous over 

conventional fertilizers as they increase the 

soil fertility, yield and quality parameters of 

the crop, they are non-toxic and less harmful 

to the humans, they minimize the cost and 

maximize the profit. 

 

Nanoparticles increase the nutrient use 

efficiency of the crop and minimizing the cost 

of environment protection. 

 

Nanoparticles cause improvement in the 

nutritional content of the crops and the quality 

of the taste. 

 

Enhance plant growth by resisting diseases 

and improving stability of the plants by anti-

bending and deeper rooting of the crops 

(Singh et al., 2017). 

 

Nano-fertilizer formulations and their 

smart delivery system 

 

The formulation of any nano fertilizer should 

be in such a way that they possess all desired 

properties such as high solubility, stability, 

effectiveness, time controlled release, 

enhanced targeted activity with effective 

concentration and less eco toxicity with safe, 

easy mode of delivery and disposal (Torney et 

al., 2007). Nanoparticles have a great 

potential to deliver nutrients to specific target 

sites in the living systems. The loading of 

nutrients on the nano particles is usually done 

by (a) absorption of nano particles (b) 

attachment of nano particles mediated by 

ligands (c) encapsulation in nano particulate 

polymeric shell (d) entrapment of polymeric 

nano particles and (e) Synthesis of nano 

particles composed of the nutrient itself. 

 

Corradini et al., (2010) evaluated the 

interaction and stability of chitosan nano 

particles suspensions containing N, P and K 

fertilizers which can be useful of agricultural 

applications where as Kottegoda et al., (2011) 

synthesised urea modified hydroxyapatite 

(HP) nano particles for gradual release of 

nitrogen with the crop growth. These nano 

fertilizers show the initial burst and 

subsequently slow release of nitrogen up to 60 

days of plant growth compared to commercial 

fertilizer which shows release only up to 30 

days. The large surface area of HA facilitates 

the large amount of urea attachment on the Ha 

surface. Strong interaction between HA nano 

particles and urea contributes to the slow and 

controlled release of urea. Similarly nano 

based mesoporous nano particles can also 

provide efficient carrier system to 

agrochemical compounds which improves the 

efficiency and economical utilization. 

Mesoporous Silica nano particles (150nm) 

have been reported to entrap urea. It has been 

observed that 15.5% of urea was loaded 

inside the nano particles pores and 

demonstrated a controlled urea release profile 

in soil and water. Zinc solubility and 

dissolution kinetics of ZnO nano particles and 

bulk ZnO particles coated on macronutrient 

fertilizers (Urea and mono ammonium 

phosphate) have been compared by Milani et 

al., (2012). They reported that the coated 

mono ammonium phosphate granules show 

faster dissolution rate. The mode of fertilizer 

application influences the efficiency and 

impact on plant systems. The following 
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methods can be used for nano fertilizer 

delivery to plant systems. 

 

Aeroponics 
 

In this method the roots of plant are 

suspended in air and the nutrient solution is 

sprayed continuously. In this method, the 

gaseous environment around the roots can be 

controlled. However, it requires a high level 

of nutrients to sustain rapid plant growth, so 

the use of Aeroponics is not widespread. The 

method was first introduced by Weathers and 

Zobel (1992). 

 

Hydroponics 
 

This method was introduced by Gericke 

(1937) for dissolved inorganic salts. The 

method is also commonly known as "Solution 

culture" as the plants are grown with their 

roots immersed in a liquid nutrient solution 

(without soil). Volumes of nutrient solution, 

maintenance of oxygen demands and pH are 

factor that need attention while using this 

method of nutrient delivery. Supporting 

materials (sand, gravel etc) are also employed 

in certain commercial application. In this case 

the nutrient solution is flushed from one end 

and old solution is removed from the other 

end. The disadvantage with this method is 

frequent pathogen attack and high moisture 

rates which cause over wilting of soil based 

plants. 

 

Soil application 

 

Soil application is the, most common method 

of nutrient supplement using chemical and 

organic fertilizers. The factors that need 

attention while choosing this method of 

fertilizer applications are how long the 

fertilizer will last in the soil, soil texture, soil 

salinity and plant sensitive's to salts, salt 

content and pH of the amendment. It is well 

known that the negative soil particles affect 

the adsorption of mineral nutrients. The anion 

exchange capacity of the most agricultural 

soils is small compared to exchange capacity. 

Among anions, nitrate remains mobile in the 

soil solution and is susceptible to leaching by 

water moving through the soil. Phosphate ions 

binds to soil particles containing aluminium 

or iron because the positively charged 

Fe
2+

,Fe
3+

 and Al3+ have OH- group that 

exchange with phosphate. As a result, 

phosphate can be tightly bound, and its 

mobility and availability in soil can limit plant 

growth (Taiz and Zeiger, 2010). 

 

Foliar application 

 

Liquid fertilizers are directly sprayed on to 

leaves. It is generally used for the supply of 

trace elements. Foliar application can reduce 

the time lag between application and uptake 

by plant during the rapid growth phase. It can 

also circumvent the problem of restricted 

uptake of a nutrient from soil. Uptake of iron, 

manganese and copper may be more efficient 

with this method as compared to soil 

application where they get absorbed on soil 

particles and hence are less available to the 

root system (Taiz and Zeiger, 2010). As 

stomata and leaf epidermal cells are majorly 

involved in nutrient uptake, foliar application 

method can have agronomic advantage if used 

for nano fertilizer. However, damage to the 

leaves must be minimized in such cases by 

standardization of application of protocol. 

The shortcomings of this method include 

specific time (morning and evening) of 

spraying because the stomata open during 

these time periods only. Another disadvantage 

is the possibility of plant damage if correct 

concentration of chemical (fertilizer) is not 

applied. 

 

Nano particles and plant 

 

The Nano particles enter the plant root system 

through the lateral root junctions and reach 
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the xylem through the cortex and the 

pericycle. The Nano particle enters in to the 

plant can be stopped by the cell wall. The 

specific properties of the cell wall allowing 

the transport of Nano particles could be 

attributed to the pore size of the cell wall 

(Fleischer et al., 1999). The nano particles 

that are in the size range with in the cell wall 

pore size could effectively cross the cell wall 

and reach the plasma membrane. The rate of 

entry depends on the size and surface 

properties of nanoparticles. In deed the 

smaller nanoparticles can enter in to the plant 

cell easily. In contrast the larger nanoparticles 

being unable to enter the cells, cannot affect 

the cell metabolic pathway. Larger 

nanoparticles can penetrate the cell 

hydathodes, flower stigmas and stomata. 

Mechanism of interaction between 

nanoparticles and plant could be chemical or 

physical. Chemical interactions involve the 

production of reactive oxygen species, 

disturbance of ion cell, membrane transport 

activity, oxidative damage and lipid per 

oxidation. Following entry into the plant cells, 

Nanoparticles after mixing behave as a metal 

ion and react with the sulfhydryl, carboxyl 

groups and ultimately alter the protein 

activity.  

 

Nanofertilizers and plant growth  

 

Nanoparticles interact with plants causing 

many morphological and physiological 

changes depending upon the properties of 

Nanoparticles. 

 

The Nano particles delivered at safe dose may 

help in promoting plant growth and over all 

yield (Lopez Moreno et al., 2010). 

 

Nano particles and seed germination  

 

Nanoparticles significantly influenced the 

seed germination and seedling growth and 

seed vigour. Nano fertilizers can easily 

penetrate in to the seed and increase the 

availability of the nutrient to the growing 

seedling which results in to the healthy and 

more shoot length and root length but if the 

concentration is more than the optimum it 

may show the inhibitory effects on the 

germination and seedling growth of the plant. 

 

The interaction of water stress and nano-

fertilizer 

 

All the nutrients in branches of plants 

increased at budding period while the uptake 

decreased at fruiting period by water deficit. 

Nutrients uptake in leaves followed the same 

response of that in branches except for Fe 

uptake that gave higher values with the deficit 

irrigation in comparison with that by the 

regular irrigation treatment. Under water 

stress condition, the uptake of N decreased in 

plants. This decline in shoot N uptake can be 

attributed to the decreased transpiration rate 

to transport N from roots to shoots.  

 

The uptake of N, Na, K, Ca, S and Mg were 

significantly reduced by water stress. Further 

the Stress increased the content of organic 

acids and sugar which improved fruit quality. 

Decreasing in the nutrients uptake of crop 

plants under water stress mainly due to the 

decrease in transpiration rates, damage of the 

membrane permeability and active transport, 

resulting in reduce absorbance activity of the 

plant roots. In addition, the nutrients uptake 

from the soil is strongly related to the plant 

root system and soil water status. Low content 

of soil moisture reduces the diffusion rate of 

the nutrients to the absorbing surface of the 

root system. The changes in the soil moisture 

regime could alter the root morphology and 

anatomy, the pore size distribution, and the 

angle of roots penetration, which affect root 

proliferation. Further, the development of the 

root system linked with the water status of the 

plants. Under water stress condition, highest 

water uptake occurs at the young roots stage. 
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With growing of the root and reduction of 

water availability, a decline of root activity 

mainly root permeability will take place, 

causing, disturbance in the root metabolism. 

Moreover, this condition declines the internal 

water content of the shoots and influence 

stomata opening, ultimately, affecting the 

transpiration and nutrients uptake processes. 

 

Foliar application of Nano-fertilizer increased 

the uptake of nutrients in branches under 

different irrigation process. These were true 

also for nutrient uptake in leaves. This was 

might be due to the improvement of dry 

matter contents of both plant parts. The Nano 

fertilizer improved the content of nutrients 

and this intern reflects on the vegetative 

growth and fruiting of plants and finally the 

yield and quality.  

 

Review of literature  

 

Jinghua (2004) reported in his study that the 

application of Nano-composite consists of N, 

P and K micronutrients, mannose and amino 

acids enhance the uptake and use of nutrients 

by the grain crops. 

 

Tahir et al., (2010) reported that the silicon 

application significantly increased wheat 

biomass. Silicon nano particles at high 

concentration triggered a decrease in 

membrane resistance and by disturbing bio 

membrane integrity and photosynthesis 

apparatus. 

 

Prasad et al., (2012) while studying the effect 

of Nano scale Zinc oxide particles on the 

Germination growth and yield of Peanut and 

revealed the response of groundnut on the 

lower dose of Nano scale Zinc oxide was 

highly significant. The dry pod yield of 

ground nut was greatly influenced by Nano 

scale Zinc. Significant increase in number of 

pods/plant, number of filled pods per plant 

and also plant height with the application of 

Nano scale Zinc oxide at 2 g/15 litre. Further, 

30.5% and 38.8% higher pod yield was 

recorded with the with the application of 

Nano scale ZnO at 2 g/15 litre +NPK 

compared to NPK alone and 29.5% and 

26.3% higher pod yield compared to chelated 

Zinc at 30 g/15 litre +NPK also Foliar 

application of Nano scale ZnO at 2g/15 litre 

significantly increased pod yield and shelling 

percentage. This might be due to the reason 

that ZnO in the Nano scale form is absorbed 

by the plant to a larger extent than 

ZnSo4.These particles are proved effective in 

enhancing plant growth, development and 

yield.  

 

Tarafdar et al., (2012) in their study observed 

a significant increase in yield due to foliar 

application of Nano particles.640 mg/ha 

application of foliar application (40ppm 

concentration) of Nano phosphorus gave 

80kg/ha P equivalent yield of Cluster bean 

and pearl millet under arid environment. 

 

Farnia et al., (2014) conducted field 

experiment at Iran to study the effect of K-

nano fertilizer on yield and yield components 

of red bean (Phaseolus vulgaris L.) and 

observed that  

 

Significant difference in yield and yield 

attributes was recorded among the different 

treatments of K Chelate Nano-Fertilizer. 

Among the different treatments significantly 

highest number of grain/pod, 1000-grain 

weight (g), biological yield (kg/ha), grain 

yield (kg/ha) and Harvest index (%) was 

recorded with 2 in 1000 K coated Nano 

fertilizer (Foliar spray) whereas lowest 

number of grain/pod, 1000-grain weight (g), 

biological yield (kg/ha), grain yield (kg/ha) 

and Harvest index (%) was recorded with 

control. This was might be due to the reason 

that the Nano fertilizer might have helped the 

seed to stay healthier for longer time and 

subsequently produced more vigorous plant. 
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Armin et al., (2014) conducted field 

experiment to study the effect of time and 

concentration of Nano-Fe foliar application 

on yield and yield components of wheat 

observed that Foliar application of Nano-Fe 

foliar spray at tillering +stem elongation and 

tillering had 9.17% and 5.19% more grain 

yield. Foliar application of Fe at 2%, 4% and 

6% produced an increase of 12%, 22.09% and 

19.07% grain yield over the control 

 

Yuvraj and Subramanian (2014) conducted 

experiment at Tamil Nadu Agricultural 

University, Coimbatore India to study the 

Fabrication of Nano Zinc fertilizer on growth 

parameter of Rice and observed that under 

submerged soil condition, Zn fertilization 

done through Zn loaded Nano fertilizer and 

ZnSo4 had increased growth parameter such 

as plant height (cm) and root length. This was 

might be due to the reason that the Nano 

fertilizer which was produced to improve 

slow releasing ability of fertilizer is a suitable 

alternative to conventional fertilizer to 

improve the Zn nutrient use efficiency. 

 

Abdul et al., (2015) conducted experiment to 

determine the potential of copper 

Nanoparticles for enhancing growth the and 

yield of wheat and observed that addition of 

copper nanoparticles up to 0.4ppm 

significantly increased the leaf area, 

chlorophyll content, plant fresh weight, dry 

weight and root weight over control. Further 

increase in level of copper nanoparticles 

caused significant drop in value of the growth 

parameters except plant fresh weight that 

started decreasing at 0.8ppm. This might be 

due to more bioavailability, absorption and 

accumulation of nanoparticles leading to toxic 

effect. The best results i.e., number of 

spikes/plant, 100-grain weight and grain yield 

per pot were achieved with the application of 

30ppm copper nanoparticles. Declining trend 

in growth and yield at concentration than 

30ppm might be due to due to the more 

absorption of nanoparticles leading to the 

toxic effects.  

 

Bakhtiari et al., (2015) conducted field 

experiment at loamy sand soil of Iran to study 

the effect of Iron Nano particles spraying time 

and concentration on wheat and revealed that 

among the different concentration of iron 

Nano-oxide concentration the highest spike 

weight (g), 1000-grain weight (g), Biological 

yield (kg/ha), Grain yield (kg/ha) and protein 

content (%) was recorded with the 0.04% 

concentration whereas the lowest spike 

weight (g), 1000-grain weight (g), Biological 

yield (kg/ha), Grain yield (kg/ha) and protein 

content (%) was recorded with Control. 

 

Mosanna et al., (2015) while studying the 

effect of Zinc Nano- chelate foliar and soil 

application on Morpho-physiological 

characteristics of maize (Zea mays L.) and 

observed significant effect of Nano- Chelate 

Zn application on plant height, 100-grain 

weight (g), seed yield and harvest index. The 

soil application of Nano-Chelate Zn had 67% 

highest plant height and 53% higher grain 

yield whereas foliar application of Nano-

Chelate Zn had 94% more seed yield per 

plant. 

 

Hafiz et al., (2015), while studying the effect 

of silver nanoparticles on the growth and 

yield attributes of wheat observed that the 

silver nanoparticles @25ppm produced 

significantly greater number of grains/spike 

followed by 75ppm. Significant difference 

was also recorded among the treatments for 

100 grain weight. Significantly highest 100-

grain weight was recorded with the treatment 

25ppm followed by 50ppm whereas 

significantly lowest 100-grain weight was 

recorded with 75ppm. Silver nanoparticles 

increased the yield may be due to the growth, 

stimulating effect of the Silver (Sharon et al., 

2010). 
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Karimi and Mohsenzadeh (2016) while 

studying the effect of Nanoparticles on 

growth and Physiology of Wheat seedling 

observed that fresh and dry weight of wheat 

seedling shoots at 50 and 100 mg SiO2/L 

concentration didn’t show significant changes 

with the control whereas 200, 400 and 800 

mg/L of SiO2 Nano particles, the weight of 

shoot significantly decreased. The increase in 

weight in 50 and 100 mg/L concentration 

might be due to the reason that silver oxide 

nanoparticles facilitated the water uptake and 

transportation in to the plants. This beneficial 

effect of silicon oxide might be due to its 

hydrophilicity. 

 

Jyothi et al., (2017) while studying the effect 

of Nano fertilizers on the growth and yield of 

selected cereals observed that the full 

recommended rate of conventional dose Nano 

fertilizers (FRR-CF+FRR-NF) enhanced the 

plant height, chlorophyll content, number of 

reproductive tillers, panicles and spikelet’s in 

rice. 
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