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Abstract

Global population is rapidly increasing and is predicted to reach 9.6 billion by 2050 and the limited resources tend to push the sec-
tor forward demanding the development of a highly efficient agriculture thus allowing reduction of worldwide poverty and hunger 
[1]. To meet the food demands of this growing population the agriculture sector is being pressurized to assure food security. Hence 
chemical fertilizers are being considered as an inevitable source of plant nutrition for improving the crop production. This lead to a 
notion in farmers that using higher quantities of chemical fertilizers gains higher crop yields.

However, only less than half of the amount of applied fertilizers will be utilized by the crop whereas the remaining amount of fer-
tilizer which is intended to be taken up by plant may get lost through leaching, become fixed in soil or contribute to water pollution 
which is even worse. According to recent statistical reports it has been observed that the key macronutrient elements Nitrogen, Phos-
phorous and Potassium applied to the soil are lost at a rate of 40-70%, 80-90% and 50-90%, respectively, thus causing a considerable 
loss of applied resources [2]. Additionally, farmers tend to apply fertilizers repeatedly in order to achieve yields at desired levels, this 
overdose of chemicals counter acts and lead to decreased soil fertility and increased salt concentrations thereby causing future crop 
losses. Furthermore, irregular use of fertilizers without control on nutrient release patterns causes deterioration of product quality. 
Therefore, developing slow or controlled release fertilizers plays a crucial role not only in enhancing the crop production, productiv-
ity and quality, but also helps towards upgradation of sustainability in agricultural production. Given the unique properties of nano-
materilas such as high surface-to-volume ratio, controlled-release kinetics of nutrients to the targeted sites and sorption capacity, 
nanotechnology has a high importance for designing and using of new fertilizers. Nanofertilizers are nutrients encapsulated/coated 
with different types of nanomaterials for the control and slow delivery of one or more nutrients in order to satisfy the imperative 
nutrient requirements of plants [3]. These “smart fertilizers” are now being regarded as a promising alternative, to an extent that 
they are to be considered as preferred form of fertilizers over the conventional ones in several cases.
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Introduction
The current world population of 7.7 billion is predicted to in-

crease to 8.5 billion by 2030, 9.7 billion in 2050 and 11.2 billion in 

2100, according to UN DESA report. The present scenario thereby 
demands increased food production. If all of these people are to be 
fed sufficiently, total food consumption will have to be increased by 
50-70% [4].
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After the introduction of fertilizer responsive and high yielding 
crop varieties, fertilizers are found to have a prominent role in im-
proving the food production in developing countries especially [5]. 
Synthetic fertilizers greatly impact the world’s food security and 
without which, there would be only half of the amount of food pro-
duction that we are producing now [6]. “About 35-40% of the crop 
productivity depends upon fertilizer” (Rameshaiah., et al. 2015). 
The applied fertilizers are also subjected to various types of losses 
such as leaching, volatilization, denitrification, fixation etc. (Sha-
oyu., et al. 2016) which reduces their efficiency. Based on recent 
fertilizer use efficiency studies it is identified that the efficiency 
of fertilizer nitrogen is only 30-40% in rice and 50-60% in other 
cereals, while the efficiencies of fertilizer phosphorus, Potassium 
and sulfur are 15-20%, 60-80% and 8-12% respectively in most 
of the crops Rakshit., et al. [2]. With regards to micronutrients, the 
efficiency of most of them is observed to be below 5%. Therefore, 
there is an emergent necessity to adapt sustainable alternative 
strategies to enhance crop production.

Nutrient Efficiency Cause for low efficiency

Nitrogen 30-35% Immobilization, volatilization, 
denitrification, leaching

Phosphorous 15-20% Fixation in soils Al- P, Fe-P, Ca-P
Potassium 60-80% Fixation in clay lattices

Sulphur 8-10% Immobilization, leaching with 
water

Micronutrients 
(Zn, Fe, Cu, Mn, 
B)

2-5% Fixation in soils

Table a

Raising the rate of fertilizer utilization and reducing the con-
tamination caused by illogical fertilization were the key steps for 
the sustainable development of agriculture. However, the progres-
sional aims of the fertilizer were slow/controlled release, precision, 
and eco-environmental health in the world [7]. There has been an 
interest in the use of nanotechnology in agriculture for nearly 15 
years (Rodrigues., et al.) identified various promising opportuni-
ties for applying nanotechnology to improve sustainable agri-food 
systems. Latest technologies such as controlled release technique 
and targeted delivery of agrochemicals (fertilizers and pesticides) 
for plant nutrition and pest control and thus, increase food safety 

and security and sensors for assessing specific conditions or ana-
lytes of interest in plant systems. Considering the resource use 
efficiency and safety, nanotechnology can precisely detect and de-
liver accurate quantity of nutrients to crop thereby reducing the 
residual effect in soil [8]. 

Nanofertilizers

Nanomaterials which can supply one or more nutrients to the 
plants when are fortified with nutrients. The synthesis of nanofer-
tilizers is done by fortification of nutrients with nano-dimension 
singly or in combination on to various adsorbent materials (Liu 
and Lal, 2015). Nano-fertilizer can be defined as nanoparticles 
encapsulated materials which slowly delivers nutrients to crops. 
Different kinds of encapsulation methods incclude: (a) encapsula-
tion of nutrients with nanomaterials like nanotubes or nanoporous 
materials, (b) coating of nutrients with a thin protective layer of 
polymer and (c) formulations which can deliver nutrients as par-
ticles or emulsions of nanoscale dimensions [9,10].

Need for nanofertilizers

Due to a great spectrum of challenges such as declining crop 
yields, reducing soil organic matter content, higher levels of multi-
nutrient deficiencies, adverse climate, being faced by agriculture 
sector in production system.

Agricultural scientists are facing a wide spectrum of challenges 
in crop production system such as crop yield stagnation, declin-
ing organic matter, multi-nutrient deficiencies, climate change, 
shrinking primary agricultural resources such as arable land and 
water resources, resistance to Genetically Modified Organisms and 
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deficit of labour. It is identified that crop production and produc-
tivity of most of the crops started to stagnate as a consequence of 
imbalanced fertilization and declining soil organic matter content. 
Overall consumption of total nutrients (N+P2O5+K2O) increased by 
2.9% during 2018-19 over 2017-18 (FAI, 2018). According to stud-
ies in India, it is reported that the current ratio of NPK fertilizer 
utilization is being maintained at 10: 2.7: 1 against the optimal NPK 
fertilizer ratio of 4: 2: 1 which is ideal for crop productivity. It is 
very well known that Nitrogen fertilizers gets lost very rapidly in 
various pathways but leaching loss causes ground water pollution 
thus leas to eutrophication. There is a drastic decline in the fertil-
izer response ratio from 13.4 kg grain per one kilogram of nutrient 
applied in 1970’s to 3.7 kg of grain in 2005 [11]. The percentage of 
crop loss is increasing every year nearing 25 to 30% due to great 
extent of multi-nutrient deficiencies which directly affect crop pro-
duction. “The extent of nutrient deficiencies in the country are in 
the order of 89, 80, 50, 41, 49 and 33% for N, P, K, S, Zn and B, 
respectively” [8].

Nanofertilizers for balanced crop nutrition
Slow/controlled release fertilizers
Nanoporus zeolites

Zeolites are silicate minerals having some unique properties 
such as high specific surface area (≈ 1150.5 m2 g-1) and CEC (cation 
exchange capacity) 10 times more than that of soil, layered with 
honeycomb like crystal structure [12]. Its layered network is inter-
connected with tunnels and cages so this structure helps in loading 
with nutrients nitrogen and potassium. This nutrient loading can 
be done by combining the nutrients with other ingredients having 
slow rate of dissolution and containing elements like phosphorous, 
calcium and also trace nutrients [13]. The important advantages of 
Zeolite based nanofertilizers are it is capable of releasing the en-
capsulated nutrients very slowly thus making the nutrients avail-
able for plant uptake throughout the crop growing season [14]. 

Most of the studies have been conducted using zeolites loaded 
with cationic nutrients (NH4

+ and K+ ) as slow release fertilizers but 
for loading anionic nutrients zeolites should be modified thus the 
anionic nutrient loading is negligible. Based on the technique of 
surface modification, recently surfactants like hexadecyltrimeth-
ylammoniumbromide (HDTMABr) are used to modify the surface 
charge of zeolites which helps in easily imparting the anionic prop-
erties on the zeolitic surface [15,16].

Li [17] demonstrated the possibility of using surfactant-modi-
fied zeolite using hexa decyltrimethylammonium as fertilizer carri-
er to control nitrate release, and deduced that surfactant-modified 
zeolite is a suitable sorbent for nitrate, since slow release of nitrate 
is achievable. 

Nanocomposites

Nano-composites contain materials used to control the release 
of nutrients from synthetic fertilizers helping to enhance the fertil-
izer use efficiency and reducing the loss of applied nutrients. Appli-
cation of nano composites proved to improve the fertilizer use ef-
ficiency as a result of physical and chemical properties adsorption 
and combination between nutrient elements and also due to higher 
reactivity. Nanocomposties act as a multifunctional fertilizer [7].

Nanofertilizers in improving NUE 

Different crops have different nutrient requirements so 
nanofertilizers are synthesized to release nutrients which match 
the crop nutrient requirement. This can be achieved by coating the 
fertilizer particles with nano-membranes that helps in slow and 
steady release of nutrients. 15N examinations were accepted uti-
lizing maize as a model framework have uncovered that N-use ef-
fectiveness from nanofertilizer was 82% and the regular compost 
(urea) enlisted 42% with a net higher nitrogen-use productivity of 
40% which is not really feasible in the ordinary framework. This 
recommends that nanofertilizers might be utilized as a system to 
control the keen arrival of supplements that similar with crop pre-
requisite [8].

Tremendous improvement of NUE was observed in plants after 
application of nanoparticles. In general, 3-4 times improvement in 
use efficiency was noticed for many nutrients including P, Zn, Fe 
and Mg nanoparticles [18]. Utilization of Nano-Phosphorous addi-
tionally helps in improving the organic acid concentration in the 
rhizosphere and Phosphorous take-up by the plants [19].

Nanofertilizers in abiotic stress tolerance

During the harvest development cycle, a plant needs to continu-
ally confront a few biotic and abiotic stresses. Dry spell, heat, salin-
ity, waterlogging, and cold, among others, are major abiotic stress-
es that cause enormous crop loss to farming around the world by 
decreasing yield and crop quality (Wu and Ma, 2015). The part of 
nano-calcium (LITHOVIT®), glycinebetaine (GB), acetylsalicylic 
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acid (aspirin) and monopotassium phosphate fertilizers were as-
sessed for mitigating salt pressure in Solanum lycopersicum, and it 
was discovered that LITHOVIT was the most effective in increasing 
the yield by 76% [20]. Utilizaton of nano silicon is found to be more 
effective and efficient compared to regular silicon application in al-
leviation of salinity stress [21]. 

A research study revealed the superiority of nano silicon over 
regular silicon on mitigation of stress damages which could have 
happened because of modifying the particles into to nano formula-
tion can cause great changes in the physico-chemical properties of 
the particles as they possess higher surface [22].

Types of nanomaterials

• Carbon-based nanomaterials: These nanomaterials are 
composed mainly of carbon, commonly the forms are hollow 
spheres, ellipsoids, or tubes. Carbon based nanomaterials 
with spherical shape are called fullerenes and those with cy-
lindrical shape are called nanotubes. 

• Metal-based nanomaterials: These nanomaterials include 
quantum dots, Nano gold, and Nano silver and metal oxides, 
such as titanium dioxide, zinc oxide, magnesium oxide, iron 
oxide etc. 

• Dendrimers: Dendrimers are Nano sized polymer of 
branched units with large number of chain ends on its sur-
face. These can be altered into different ways to perform spe-
cific chemical functions which are intended to be done. Hav-
ing this property dendrimers can be used as a catalyst and 
its three-dimensional structure with inner cavities allows us 
to use dendrimers for drug delivery by placing the drug mol-
ecules inside (Astruc., et al. 2010). 

• Nanocomposites: A formulation obtained by combining 
nanoparticles with other nanoparticles or with larger bulk-
type materials is called nanocomposite. These are generally 
used to enhance mechanical, thermal barrier and flame-re-
tardant properties of other materials (Ajayan., et al. 2003).

Unique properties of nanoparticles

• Smaller size, Larger surface area

• Increased surface area to volume ratio 

• Nanoparticles are so small in size that they can even pass 
through the plant and animal cells, which is the main clue 

through which nanotechnologists able to achieve the phe-
nomena of delivering the required product at cellular level, 
also this thing make nanotechnology advantageous over con-
ventional method.

• Slow release

• Specific release

The nanoparticles have high specific surface area (SA) for their 
volume that a significant proportion of atoms of NP occur at sur-
faces which leads to higher reactivity of nanoparticles. This higher 
SA to volume ratio provides higher reactivity and better penetra-
tion into soil and plant [19].

Figure b

Synthesis of nanofertilizers

Nanomaterials or nanoparticles for nanofertilizers can be syn-
thesized by different approaches, top-down, bottom-up or using 
biological approaches. The top-down approach is based on the 
reduction of size to nanoscale well-organized assemblies from the 
bulk materials. Top-down is a physical method based on milling 
materials. The limitation in this approach is the low control in the 
size of nanoparticles and a greater quantity of impurities [8]. 

The bottom-up approach initiates at very basic level, using 
atomic or molecular level using chemical reactions to build up 
nanoparticles. Being a chemically controlled process, therefore, 
this approach has an advantage of controlling the particle size and 
reducing the impurities in a better way [1]. 
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Figure c

Nutrient loading

Nanoparticles have higher efficiency to deliver nutrients to spe-
cific target sites in living systems. Nutrient loading on the nanopar-
ticles is generally carried out by (a) attachment of nutrients on 
nanoparticles (b) adsorption of nutrients mediated by ligands on 
nanoparticles (c) encapsulation of nutrients with nanoparticulate 
polymeric shell (d) entrapment of polymeric nanoparticles (e) syn-
thesis of nutrient nanoparticles [23].

Figure d

Methods of nanofertilizer application

It can be applied by either foliar application or soil application. 
But studies are still being done to find out which method would be 

more efficient for nutrient utilization for different crops in differ-
ent soil and environmental conditions. 

Uptake and movement of nanoparticles

Nanoparticles can enter the plant system through different 
pathways root, shoot or leaf tissues (e.g., cuticles, trichomes, sto-
mata, stigma, and hydathodes), even through wounds and root 
junctions also [24]. 

The pore diameter of the cell wall plays a major role in regu-
lating the entry of nanoparticles through the cell wall (5-20 nm) 
(Fleischer., et al. 1999). Thus nanoparticles or nanoparticle ag-
gregates with lesser diameter than the pore size of plant cell wall 
could easily enter through the cell wall and reach up to the plasma 
membrane [25]. 

Hence pore size is considered to be one of the main restrictions 
for passage of nanoparticle into the plant system. There are some 
studies which reported that the maximum dimension of nanopar-
ticle that could be allowed to penetrate and accumulate inside the 
plant cells, usually ranges between 40-50 nm size hence this size 
range is called exclusion limit [26].
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Figure e

Comparison of nanofertilizers with conventional fertilizers: 
[27]

Properties Nanofertilizers Conventional fertil-
izers

Solubility and 
dispersion of 
mineral nutri-
ents

High solubility 
and dispersion of 

insoluble nutrients 
in soil, increases 

bioavailability

Less bioavailability 
to plants due to large 

size and less  
soluability

Nutrient  
uptake 
 efficiency

increased efficiency 
and uptake ratio of 
the soil nutrients

Bulk composite is 
very less  available  

and decrease  
efficiency

Environmental 
effects

Less eco-toxicity 
Safe (appropriate 

measures to be 
taken) 

Easy mode of  
delivery and  

Disposal

May produce toxic 
effects

Controlled 
release modes

Both release rate and 
release pattern is 

precisely controlled

Excess release of 
fertilizers

Effective  
duration of  
nutrient  
release

Extended

Used by plants at the 
time of delivery and 

remaining are  
converted as  

insoluble salts in soil

Loss rate of 
fertilizer  
nutrients

Reduce the loss by 
leaching or leaking

High losses through 
leaching, drift,  

fixation and runoff.

Cost of  
fertilizer per kg

IFFCO 500ml nano 
nitrogen Rs. 240/-

Urea(46% N) 
-Rs.5.52/- 

DAP(,18%N, 46%P) 
- Rs.22.54/- 

MOP(60%K) - Rs. 
16.05/-

Amount of  
fertilizer 
required per 
acre(dose)

According to IFFCO 
500ml of nano N can 

replace 45kg urea 
bag. 

10g nano Zn/ ha.

e.g: hybrid rice in 
South India @ 175: 
60: 60 kg NPK/ha

Accessibility
Not yet available in 

Indian markets Very easily accessible

Government 
subsidies

Not yet implemented 
any schemes as it is 
still in experimental 

condition.

Fertilizers are  
subsidized at  

30 - 70% on MRP

Table b

When comparing to chemical fertilizers requirement and cost, 
nano fertilizers are economically cheaper and are required in less-
er amount [18].

Case study 1
Effect of nanoscale Zinc oxide particles on germination, 
growth and yield of groundnut 

Zinc (Zn) is typically the second most abundant transition metal 
in organisms after iron and the only metal represented in all six 
enzyme classes (oxidoreductases, transferases, hydrolases, lyases, 
isomerases and ligases). Hence a study was conducted by Prasad., 
et al. on groundnut using zinc nanoparticles. Peanut seeds were 
treated with ZnO(nano 25nm mean particle size) and chelated bulk 
ZnSO4 Separately then studies on seed germination, root growth, 
shoot growth, seedling vigor, chlorophyll content, flowering, pod 
yield were conducted.

Seed Vigor Index(SVI) = Germination% × (root length + shoot 
length)

Treatment of nanoscale ZnO (25 nm mean particle size) at 1000 
ppm concentration promoted both seed germination and seedling 
vigor and in turn showed early establishment in soil manifested by 
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early flowering and higher leaf chlorophyll content. These particles 
proved effective in increasing stem and root growth (Table 1).

Concent 
-ration  
(Zn in 
ppm)

Germination 
(%)

Shoot 
length (cm)

Root length 
(cm) SVI

Nano 
ZnO ZnSO4

Nano 
ZnO ZnSO4

Nano 
ZnO ZnSO4

Nano 
ZnO ZnSO4

400 90.33 84.01 6.60 3.80 11.52 5.84 1522.61 796.02
1000 99.02 90.32 8.71 4.32 11.81 6.72 1701.33 910.36
2000 96.04 88.75 4.94 3.76 9.42 8.06 1321.74 1195.72

Control 85.3 3.11 5.02 693.6

Table 1: Effect of nanoscale zinc oxide on seed germination and 
growth [28].

Figure f

From this study we can observe that the nanoscale zinc oxide 
which is used for seed treatment at 1000ppm concentration gave 
good seed germination, seedling vigor, shoot length and root length 
when compared to other treatments. The dose of 2000ppm nano 
ZnO did not give better results when compared to 1000ppm conc. 
which indicates that application of natrients in nanoparticulate 
form is undesirable. 

Treatment No of pods 
per plant

100  pod 
weight 
(gm)

Pod yield     
(Kg ha- 1)

Control 9.2 77.27 2391.56

NPK+ ZnSO4 10.10 74.82 2410.82

NPK + Nano ZnO 16.8 83.90 3121.54
CD @ 5% LOS 3.76 2.89 199.92

Table 2: Effect of nanoscale zinc oxide and zinc sulphate on  
peanut yield [28].

Pod yield per plant was 34% higher compared to chelated bulk 
ZnSO4.

Another study conducted by Prasad and co reported that foliar 
application of nanoscale ZnO at 2 g 15 L-1 significantly increased 
pod yield and shelling percent and other parameters as compared 
to Znso4 as it is highly soluble and but fall off quickly. 

It is observed that 30.5% higher pod yield was recorded with 
the application of nanoscale ZnO at 2 g 15 L-1 + NPK compared to 
NPK alone and 29.5% higher pod yield compared to chelated zinc-
sulphate at 30 g 15 L-1 + NPK.

Case study 2
Impacts of nano and non-nano fertilizers on productivity of 
potato

This experiment was conducted in Egypt by M.M.ABD EL-
AZEIM., et al. [29] at Minia University, El-Minia, Egypt. Agricultural 

Figure g: Bar chart showing the effect of nano ZnO(N) and 
bulk ZnSO4 (B) concentrations on peanut plant root and shoot 

growth, pod yield [28].
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sector in Egypt is captivated by shortage of arable land, limited wa-
ter resources and soil infertility.

In this field experiment, nitrate ammonium (33%N), triple 
super phosphate (15% P2O5) and potassium sulphate (48% K2O) 
were used as resources for chemical fertilizers at the recommend-
ed level for potato crop at rates of 350 nitrogen, 85 phosphorus, 
and 200 potassium kgha−1 as recommended by the Egyptian Min-
istry of Agriculture, Egypt. Individual nano-N, nano-P and nano-K 
fertilizers in liquid formulations were imported from India con-
taining 19% of each nutrient of NPK. These fertilizers are eco-
friendly made through biological process, and have been designed 
to match chemical fertilizers in terms of nutrient content and ap-
plication rates. These revolutionary nutritional agricultural inputs 
of nano-N, nano-P and nano-K fertilizers are developed by private 
company (Pratishtha) in India in associationwith Indian Council 
of Agricultural Research as complete nutritional nanofertilizer of 
NPK for crops.

The obtained nitrogen size particles ranged from 5.78 to 9.33 
nm; 4.98 to 7.66 nm for phosphorus and 5.6 to 9.45 nm for potas-
sium. The experimental actions followed during the course of this 
research have been conducted two methods of application (soil 
addition and foliar application) and comprised of four application 
rates in accordance with treatments described below. Agricultural 
activities other than above mentioned treatments were conducted 
according to potato cultivation recommendations of Agricultural 
Research Centre in Egypt [30]. 

The experimental location and site characteristics:

• Located at arid region (28°18′16”N latitude and 30°34′38″E 
longitude) 

• Evaporation rate >5000 mm/year

• Annual rainfall ranges from 2 to 23 mm/year 

• Temperatures in winter varied from 5 to 20 °C with extreme 
summer temperature 47 °C in July (Egyptian Meteorological 
Agency).

• Clay texture

• pH 7.7

• EC1.35 dS m−1, 

• CEC 37.87 (cmolc kg−1),

• Soil organic carbon (SOC) 18.48 g kg−1 

• Classified as Alluvial soil according to Abd El-Azeim., et al.

The experimental treatments included therefore were as follow-
ing:

• (T1) = 100% NPK non-nano fertilizers, soil added at recom-
mended level (control).

• (T2) =100% NPK nanofertilizers, soil added equal to recom-
mended levels.

• (T3) = 50% NPK nanofertilizers, soil added at half recom-
mended level.

• (T4) = 25% NPK nanofertilizers, soil added at quarter rec-
ommended level.

• (T5) = 100% NPK non-nano fertilizers, foliar added at rec-
ommended level (control).

• (T6) = 100% NPK nanofertilizers, foliar added equal to rec-
ommended levels.

• (T7) = 50% NPK nanofertilizers, foliar added at half recom-
mended level.

• (T8) = 25% NPK nanofertilizers, foliar added at quarter rec-
ommended level.

Nitrogen nano or chemical fertilizer was soil or foliar applied 
in three equal portions, the 1st was applied after emergence, then 
two and four weeks later.

 The rate of fertilizer application is:

350 Kg Nha−1 - Ammonium nitrate (34% N) -3splits (1st - after 
seedling emergence, 

2nd - 2weeks after emergence, 3rd - 4 weeks after emergence).

85 kg P ha−1 - Triple super phosphate (46% P, 12 -14 % Ca) - 
basal application

200 kg K ha−1 - potassium sulphate (48% K, 18% S) - basal ap-
plication

Based on these experiments the following data is observed.
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NUE=
Tuber yield (kg ha-1) 

         Quantity of N; P or K fertilizer applied (kg ha-1)



Treatments N P K

2016 2017 2016 2017 2016 2017

100% NPK 
non-nano 
(control) 
(T1)

60.42 61.17 248.79 251.88 105.74 107.05

100% nano 
NPK  (T2) 58.31 59.09 240.09 243.32 102.04 103.41

50% NPK 
nano (T3) 51.73 53.95 213.02 222.16 90.54 94.42

25% NPK 
nano (T4) 40.62 41.25 167.27 169.84 71.09 72.18

100% NPK 
non-nano 
(T5)

52.64 53.88 216.74 221.86 92.12 94.29

100%NPK 
nano (T6) 57.34 57.97 236.12 238.72 117.93 118.54

50% NPK 
nano (T7) 67.39 67.74 277.48 278.92 117.93 118.54

25% NPK 
nano (T8) 62.45 63.46 257.16 261.31 109.30 111.06

Table 3: Nutrient use efficiency (Kg potato per Kg nutrient) 
(M.M.ABD EL-AZEIM., et al. 2019).

Treatments N (Kg ha-1 ) P (Kg ha-1 ) K (Kg ha-1 )

2016 2017 2016 2017 2016 2017

100% NPK 
non-nano 
(control) (T1)

187.06 189.89 58.74 59.71 139.40 140.89

100% nano 
NPK (T2) 179.61 182.48 56.46 57.46 129.13 130.84

50% NPK 
nano (T3) 156.98 164.56 49.71 51.28 113.09 118.56

25% NPK 
nano (T4) 117.69 119.50 36.81 37.53 82.78 84.69

100% NPK 
non-nano 
(T5)

159.28 163.24 50.16 51.55 114.27 118.00

100%NPK 
nano (T6)

175.40 177.59 54.70 55.56 128.82 131.84

50% NPK 
nano (T7) 211.76 212.87 65.51 65.59 162.77 165.71

25% NPK 
nano (T8) 194.05 197.18 60.51 61.71 143.87 146.69

Table 4: Potato tuber uptake and concentration of NPK. (M.M.ABD 
EL-AZEIM et al., 2019).

Figure h: Potato tuber uptake and concentrations of NPK (Kg 
ha-1) as affected by NPK nano and non-nanofertilizers for both 

seasons [29]. 

Economic yield ton ha-1  * 100

Biological yield ton ha-1*100
Potato Harvest Index % =

Net Revenue (EGP)

Cost of cultivation (EGP)
Benefit: Cost ratio =

*1 Egyptian pound (EGP E£ ) = Rs. 4.46/-

Results and Discussion
From the data that has been obtained by field experiments the 

treatment 7 (50% NPK nano) has given better results when com-
pared to all other treatments in all parameters i.e., nutrient use ef-
ficiency, nutrient uptake, harvest index. net income etc., Hence this 
treatment is considered as best among all. 

Merits of nanofertilizers

• Increased nutrient use efficiency

• Extended fertilizer release period

• Reduce the usage of chemical fertilizers by 50%

• Nutrient mobilization increased by 30%

• Increase in crop yield by 15-30% 

• Reduced soil toxicity

• Reduces frequency of application

• Minimise the effect of over dosage.

Demerits of nanofertilizers [1]

• Reactivity and variability is different under different condi-
tions.
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Treatments Biological yield Economic yield Harvest index Application
% of RDF 2016 2017 2016 2017 2016 2017
100% NPK non-
nano (control) T1 39.33 39.69 21.15 21.41 53.77 53.94 Soil

100% nano NPK T2 38.60 39.05 20.41 20.68 52.86 52.95 Soil
50% NPK nano T3 36.13 36.74 18.11 18.88 49.45 51.07 Soil
25% NPK nano T4 29.79 30.55 14.22 14.44 47.73 47.20 Soil
100% NPK non-
nano T5 35.96 36.51 18.42 18.86 51.22 51.65 Foliar

100% NPK nano T6 36.95 37.46 20.07 20.29 54.15 54.01 Foliar
50% NPK nano T7 39.81 40.31 23.59 23.71 59.24 58.81 Foliar
25% NPK nano T8 41.11 41.56 21.86 22.21 53.17 53.44 Foliar 

Table 5: Effects of nano and non-nano NPK fertilizers on harvest index of potato crop (M.M.ABD EL-AZEIM., et al. 2019).

Treat-
ments

Cultivation 
costs (EGP)

Total income     
(EGP)

Net income     
(EGP)

Benefit cost 
ratio

2016 2017 2016 2017 2016 2017
T1 45,800 126882 128460 81082 82660 1.77 1.80
T2 50,800 122448 124092 71648 73292 1.41 1.44
T3 45,400 108642 113304 63242 67904 1.39 1.50

T4 42,700 85308 86616 42608 43916 1.00 1.03

T5 45,800 110538 113148 64738 67348 1.41 1.47
T6 50,800 120420 121746 69620 70946 1.37 1.40
T7 45,400 141516 142248 96116 96848 2.12 2.13
T8 42,700 131154 133266 88454 90566 2.07 2.12

Table 6: Effect of nano and non-nano NPK fertilizers on potato 
relative economics for  both seasons. (M.M.ABD EL-AZEIM., et al. 

2019).

• This raises safety concerns for farm workers who may be-
come exposed to xenobiotics during their application.

• It is reported that inhalation of nanoparticles during applica-
tion caused chronic lung effects and exposure to metal based 
nanoparticles caused skin irritation,rashes, headaches. 
These include not only those exposed to nanofertilizer man-
ufacturing but also nanofertilizer application in the field.

• The accumulation of nanoparticles in plants and potential 
health concerns.

• Some studies have reported phytotoxic effect of nanopar-
ticles due to bioaccumulation.

Conclusion

• Nanofertilizers mainly delays the release of the nutrients 
and extends the fertilizer effect period. Obviously, there is an op-
portunity for nanotechnology to have a significant influence on en-
ergy, the economy and the environment, by improving fertilizers. 
Hence, nanotechnology has a high potential for achieving sustain-
able agriculture.

• Nano-fertilizers have opened up new opportunities to 
improve inputs use efficiency, minimize costs and environmental 
deterioration in some aspects.. Therefore, the scope for application 
of nanofertilizers in agricultural system needs to be prioritized in 
21st century to accelerate the productivity of crops and sustain 
soil health and environmental quality through promoting use of 
nanoparticles in fertilizers and nano-sensors in soil microbial ac-
tivity.

Future Prospects
Future studies must be focused on generating comprehensive 

knowledge in the following underexplored areas in order to intro-
duce this novel frontier in sustainable agriculture.

• Nanofertilizer application safety and the study of the toxicity 
of different nanoparticles used for nanofertilizer production 
must be a research priority.
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• Evaluation of the effect of nanofertilizers in the soils with 
different physio-chemical properties is necessary in order to 
recommend a specific nanofertilizer for a specific crop and 
soil type. 

• Biosynthesized nanoparticle based fertilizers and nanobio-
fertilizers should be explored further as a promising technol-
ogy in order to improve yields while achieving sustainability

• Accumulation of NPs in edible parts of crops and bioavail-
ability of the accumulated NPs to the next trophic level. In 
this regard, specific studies of NPs bioavailability in edible 
parts are urgently needed to use nanofertilizers safely.

• Understanding nanoparticles in agro-ecological ramification 
(plant specificity, dose dependency and bio toxicity)

• Physiological explanation of mechanism of uptake and trans-
location by plants

• Influence of nanoparticles in rhizosphere and on root surface

• Accounting possible interactions of nanoparticles with the 
biotic or abiotic environment and their possible amplified 
bioaccumulation effects 

• Effect on environment and human health

• Minimising the residual effect

• Lab to land.
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