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Nanotechnologies in Precision Farming



Nano Agriculture

Infuse nanotechnology concepts and principles in agricultural sciences to evolve
processes and products that precisely deliver inputs in production systems that
ensure food security and environmental safety
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Nano = One billionth of a Metre

Atom-by-atom manipulation yields in 
précised processes and products for smart 
delivery of inputs 

130,78,55,375
Mar. 24, 2019  at 11:30 pm



Investment in Nanotechnology 

Global Investments 
(USD in Billions)

Indian Investments 
(Rs. In Crores)

Nanotechnology investments increased 
by 2000-fold increase in 17 years 

India’s investments had nearly
doubled in the past 10 years



Nano in Precision Agriculture 

• Timely detection of nutrient deficiencies and 
diseases

• Smart delivery of inputs in agri-food systems

• Nanotechnologies to minimize post-harvest losses

• Biosafety of nano-products



1. Nano-Diagnostics



On-Site Detection of Leaf Moisture

63 kΩ 134 kΩImpedence is inversely proportional to 
moisture status of the leaf

Irrigated Stressed

Working range 
50 – 90%



Leaf Nitrogen – Optical Sensor

Two LEDs of specific wavelengths for Chl ‘a’
(660nm) and Chl ‘b’ (420 nm) are transmitted
and the rate of absorbance is related to the N
content of leaves

Working range 
1.0 – 3.0%
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Nanotechnology utilizes chromatographic principle coupled with 
immunological recognition system to detect plant diseases

Early Detection of Plant Diseases

Sensitive
Rapid detection
Less analyte
Cost effective



Drought Assessment using Spectral Indices



Gaja Cyclone in Tamil Nadu

BananaCoconut

Drones

Sentenial 1A SLC Satellite Data



Districts Blocks Damaged Trees
Thanjavur Madukkur 445749
Thanjavur Sethubavachatiram 603914
Thanjavur Orathanadu 335941
Thanjavur Thiruvonam 136271
Thanjavur Pattukottai 830548
Thanjavur Peravurani 769701
Tiruvarur Mannargudi 75113
Tiruvarur Thiruthuraipoondi 6128
Tiruvarur Muthupettai 87047
Tiruvarur Kottur 61267
Pudukottai Thiruvarankudi 231680
Pudukottai Karambakudi 63295
Pudukottai Aranthangi 228269

Total 3874923

Detailed Damage Detection



2. Smart Delivery



Encapsulation of Seeds 
(Nano-Fibre Loaded with Nutrients) 

Encapsulating Drum Encapsulated Seeds

High Surface Mass 
Ratio

Specific Surface Area 
(8000-9000 m2 g-1)

Length
(> 1000 KMs)

SEM View



Nanofibre Loaded with Bioinoculants

Nano-fibre can 
carry entire gamet

of agricultural 
inputs

Bioinoculant
Nano-fibre

ImmobilizationEncapsulation



Performance of the Seedlings 

Nano-fibre with Optimal Nutrients Promote Seedling vigour 

Treated Control 



Element Wt %

C K 14.06

O K 43.54

N K 07.19

MgK 04.64

AlK 02.32

SiK 10.56

S K 14.51

CaK 03.17

Nano-Fertilizer for Groundnut
(Thirunavukkarasu and Subramanian, 2014)
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Element Wt %
N K 04.55
O K 69.77
MgK 04.76
AlK 11.80

S K 0.70
K K 03.13
CaK 05.28

Element Wt %
N K 02.39
O K 71.83
MgK 00.74
AlK 11.64

S K 0.34
K K 10.89
CaK 02.15

Element Wt %

N K 01.82

O K 72.59

MgK 03.14

AlK 01.46

S K 1.88
K K 12.26

CaK 06.85

Element Wt %
C K 40.73
N K 01.19
O K 45.52
MgK 06.24
AlK 00.10

S K 0.32
K K 01.05
CaK 04.84

Element Wt %

N K 10.77

O K 84.73

MgK 00.55

P K 00.00

S K 0.19
K K 01.11

CaK 02.66

Element Wt %

N K 01.90

O K 74.11

MgK 06.06

AlK 0.66

S K 0.91
K K 0.40

CaK 15.96

Control Nano-S

Sulphate Movement in Plant System



SEM images of Root Nodule

Control Treated 

Element Wt % At %
C K 50.97 58.56
N K 10.26 10.11
O K 33.96 29.30
MgK 01.28 00.73
S K 0.83 0.36
K K 02.13 00.75
CaK 00.57 00.20

Element Wt % At %
N K 10.81 13.97
O K 64.57 73.09
MgK 02.41 01.80
AlK 03.16 02.12
S K 2.43 1.37
K K 11.92 05.52
CaK 04.71 02.13



Nano-capsule to Manage Multi-nutrient deficiencies

Nitrogen
Phosphorous

Potassium
Sulfur
Iron
Zinc

Boron
Molybdenum

Nano-Capsules with multi-nutrients

Nutri-capsule assists achieving balanced crop nutrition and promote 
pulses productivity



Chitosan Nano-emulsion as Anti-transpirant

Probe Sonicator
(20 kHz; 30% amplitude, 20 min)

Chitosan Nano-emulsion 
(1% chitosan in acetic acid + 
Tween 80 + Liquid paraffin) TEM - Micelle  

Stomatal Regulation in Maize

Unsprayed Sprayed 

Treatments Trans. rate  
(mmol m-2s-1)

Stomatal
conduct. (Gs)

Photosyn. rate 
(µ mol CO2 s-1)

Unsprayed 20.84 0.71 10.84

Sprayed 18.70 0.56 9.51

Physiological Responses

(Dr. S. Marimuthu)
4.5 µm 1.2 µm



Encapsulation of Pseudomonas fluorescence 

Sericin Protein FT-IR TGA

Sericin
Sericin protein is an excellent 
encapsulant that protects bioinoculants
from high temperature and drought 
stress conditions

Dr. Pon Sathya Moorthy

Encapsulated P. f



Molecular Modeling of Viral Transmission

Aphid Viral Transmission Protein bound with annosquamosin Viral Transmission

Annosquamosin conjugated 
in nano-silica

Nano-silica as a carrier for annosquamosin  

Annosquamosin loaded nano-silica impedes 
viral transmission from plant to aphid

(Dr. Jeya Sundara Sharmila)



3. Nanotech for Reducing 
Post-Harvest Losses 



Nano-technologies for Fruit Preservation 

Nano-
Sachet

Nano-
Stickers

Nano-
Film

Post-
harvest 

Dip
Pre-

harvest 
spray

Hexanal
Vapour



Nanotech for Fruit Preservation

Enhanced Freshness Formulation (EFF)

Extends shelf-life 3 weeks 
on trees and 3 weeks 

during storage



Demo on Dip Technology for Fruit Preservation

Nano-emulsion of Hexanal to Extend Shelf-life of Bananas

Grand Naine Nendran

Poovan Red Banana

Nano-Emulsion Treated Fruits Stayed Fresh Longer



Nano-Stickers

Aluminum Foil Nano-Fibre 
(PVA 10% + 2.5 ml Hexanal) 

SEM – Nano-Fibre Packed Fruits Nano-Stickers 

Electrospinning Machine 



Mangoes Fresh for 12 Days

Control Treated

Hexanal

Benefits
Extended shelf-life
Lucrative income



• Hexanal vapour at 800 ppm for 3 hrs 
extended shelf-life of banana by 14 
days

• Reduction in post-harvest pathogens 
(Colletrotrichum gleosporoides & 
Lasiodiploidia theobromae)

Hexanal Vapour for Delayed Ripening of Fruits

Impedes Infection 

Dr. K.S. Subramanian
Dr. D. Durga Devi

Fruits Varieties Vapour
conc.
(ppm)

Shelf-life (days) Disease incidence (%)
Control Treated Anthracnose Stem end 

rot 

Banana
GrandNaine

800 ppm
3 hrs

7 14 75.2 80.2
NeyPoovan 5 12 41.3 21.6

Mango
Alphonso 17 22 46.3 78.7
Neelum 5 10 86.3 42.1

Hexanal Vapour on Fruits PAL activity in Banana 

Anthracnose
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Type ODR
(ml/m2/day)

CDR
(ml/m2/day)

Cling Film 21770 26503

Nano-Film 498 821

UV resistant

Impedes gaseous exchange

Preserve tomatoes up to 18 
days

Can be used for cut fruits / 
vegetables

Biodegradable

Banana Pseudostem Extracted Fibre Nano Cellulose Nano-Film

Relative Performance
Nano-film for Preservation

Dr. K.S. Subramanian
Dr. G.J. Janavi
Ms. P. Ponni
Ms. Anu Priyadharshini

Uses



No Date Events Users
1 24.09.2016 Mango workshop at HC&RI, Periyakulam 52

2 28.03.2017 Tamil Nadu Innovative Initiative (TANII) 
meet at RRS, Paiyur

40

3 21st to 23rd July, 
2017

National Banana Festival at AC&RI, 
Madurai

347

4 2015 – 2018 Department of Nano Science and 
Technology, TNAU, Coimbatore

68

5 May, 2017 MYRADA distribution in Dharmapuri 519

6 May – June, 2017 MYRADA distribution in Krishnagiri 752

7 July – August, 
2017

MYRADA distribution in Theni 500

8 July, 2017 MYRADA distribution in Dindigul 441

9 May – June, 2017 MYRADA distribution in Kolar 612

10 9&10, Feb- 2018 Farmers Day at TNAU 28

11 12th March-2018 Packhouse meet at Krishnagiri 281

Total 3640

80% benefitted due to delayed ripening 
or lucrative price in the market

Outcome



4. Biosafety of Nano-Products



4. Biosafety of Nano-Agri Inputs 
(eg. Nano Emulsion as Fruit Preservative)

Trophic Levels Species Tested Technique Employed Inference

Microbes Pseudomonas fluorescens
Bacillus subtilis
Trichoderma viride, T. harzianum
Biological activity

Agar Well / Paper Disk Method

Dehydrogenase Assay

No inhibitory effects

No ill-effects

Parasitoids Trichogramma chilonis Ishii
T. pretiosum
T. japonicum

Contact toxicity method
(Treated on the host eggs)

No toxicity till F1 
Generation

Predators Chrysoperla zastrowi arabica
(Esben - Petersen)

Contact toxicity method
(Spray on eggs and grubs of 

Chrysoperla)
Food contamination technique
(treated Corcyra eggs as food) 

No mortality detected

Honey Bees Indian bees - Aphis cerana indica F.
Italian bees - Aphis mellifera L. 

Contact toxicity method
(treated on mango fruits)

Zero mortality

Earthworms Eudrillus eugeniea (Kinberg) Contact toxicity method
(Sprayed on the soil substrate)

No adverse effect
(No weight loss)

Fish Zebra Fish (Danio rerio Hamilton) Poison Food Technique No mortality / 
abnormality

Human Cell lines HeLa - Cervical cancer cells 
A549 - Adenocarcinomic

human alveolar basal 
epithelial cells

HepG2 - liver tissue cells

Lactate dehydrogenase (LDH)
(LDH release into culture medium 
upon cell death)

MTT assay
(Cellular enzymes reduce tetrazolium
dye)

Safer to cell lines 
(Concentration below 
2000ppm is found safe)
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NABARD Instituted Professor Chair Unit for the Department 
of Nano Science & Technology 



Dr. U.S. Saha, CGM, NABARD Visit to TNAU

Nanotechnology Hydroponics

Aeroponics Briquetting Soil Reference Center

Insect Museum

Agri-Business 
Directorate



Nature 559, P23 (2018) Nature 252, S42 (2017) 





TNAU – Nano Center

SEM AFM GC-MS

Raman Spec

GPTUltra
microtomeSputter Coater

TEM

Particle Size 
Analyzer

Spray Drier
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