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s a backbone of any nation, agriculture is the main supplier for our needed from food, 

feed, fiber and fuel. The production of vegetables is one of the main pillars of the 

agricultural production for human nutrition. This production nowadays has a serious 

problem, which may lead to many problems for human health. So, the “from farm to fork or 

F2F” initiative was launched last 2020 for healthy and eco-friendly food system. This study 

is a photographic mini-review on the strategy of F2F and the importance to produce healthy 

food like edible vegetables. The main targets of this strategy may include preventing food 

loss and waste, sustaining the production, and processing of food, its distribution, and 

consumption. The nano-farming expresses on using different nanomaterials in different 

agricultural practices of vegetables like nano-priming, nanofertilizers, nano-pesticides, 

nano-harvesting, and nano-postharvest. The current work was designed to answer about the 

main question: can nano-farming support the F2F strategy? More open questions will be 

presented in this review.  

Keywords: Smart agriculture, Nanoparticles, Sustainability, Healthy food, The F2F-strategy. 

 

 

 

1. Introduction 

 

Human needs several life necessaries including 

healthy food, clear water, clean air, suitable raw 

materials for producing fibers and fuel. Due to the 

intensive and unfair human activities and 

industrialization, several places all over the world 

started to search about the sustainable solution for 

this health food and water like the European union 

(EU). The European Commission in EU called for 

European Green Initiative from the 3F strategy 

“From Farm-to-Fork” (EC 2022). What does the 

“Farm to Fork strategy” mean? It means how to 

produce a food from a fair, healthy and 

environmentally-friendly food system (EC 2022). 

Can we make the global food system healthier and 

sustainable? The answer definitely depends on the 
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environmental conditions, which may allow to 

produce the healthy and sustainable food as 

reported by many studies such as “Farm to fork 

strategy” under the problems of pathogens at 

slaughter (Castro et al. 2022), relationship between 

carbon productivity and farm profitability 

(Coderoni and Vanino 2022), restrictions of F2F 

strategy by reducing the use of fertilizers and 

pesticides in agriculture (Cortignani et al. 2022), 

and the role of smart farming under using 

digitalization for farm to fork (Donaldson 2022). 

Nanoparticles or nanomaterials are very common in 

our life before the human existence. The most 

common nanoparticles in the nature are clay 

particles, which have the colloidal properties as 

well. Nowadays, nano-agriculture has penetrated 

different branches of agriculture including plant 

nutrition (El-Ramady et al. 2018; Rajput et al. 

2022), nano-enabled agriculture (Wu and Li 2022), 

nanofertilizers (Ibrahim and Hegab 2022; Shalaby 

et al. 2022), nano-pesticides (Dangi and Verma 

2021; Raj et al. 2021; Singh et al. 2022), nano-

sensors or nano-biosensors (Saravanakumar et al. 

2022), nano-food industries (Muthukrishnan 2022), 

nano-remediation of soil and water (Fei et al. 2022), 

nanoparticles/nanomaterials for ameliorating stress 

on cultivated plants (Ghosh et al. 2022), nano-

biofortification for human health (El-Ramady et al. 

2021a, b), nano-farming (Behl et al. 2022), and for 

sustainable agriculture (Hazarika et al. 2022). 

Recently, many photographic reviews or mini-

reviews have been published such as about smart 

farming (Fawzy and El-Ramady 2022), soil and 

humans (El-Ramady et al. 2022), management of 

salt-affected soils (El-Ramady et al. 2022b), a 

comparative review on higher plants and 

mushrooms (El-Ramady et al. 2022c). 

Therefore, this mini-review discusses the possibility 

to produce healthy and sustainable food using the 

strategy of from farm-to-fork. This photographic 

study involved also the applications of 

nanotechnology in the production of vegetables 

including nano-priming, nano-fertilization, nano-

pesticides, etc. The answer of the main question in 

this work is can nano-farming support the achieving 

of the 3F-stategy? 

 

2. The 3F-strategy “From Farm-to-Fork”  

 

What is the F2F or 3F or “From Farm-to-Fork” 

strategy? As a part of the European Green Deal, this 

strategy was launched on 20 May 2020. It is “a 

comprehensive 10-year strategy aiming to address 

the challenges of producing and consuming our 

food in a fair and sustainable way by reconciling 

what we eat within the capacity of our planet” (EC 

2020). Several environmental and climate impacts 

are needed to be reduced by following this strategy 

to ensure food security and citizens‟ health (EUFIC 

2022). The question is now: how does the F2F 

strategy work? This strategy has mainly 5 targets 

including (1) ensuring sustainable food production 

and its security, (2) reducing food loss and waste, 

(3) promoting sustainable food consumption and 

facilitating the shift to sustainable, and healthy 

diets, (4) stimulating sustainable food processing, 

wholesale, retail, hospitality, and food services 

practices, and (5) combating food fraud along the 

food supply chain (EC 2020), as collected in Fig. 1. 

Figure 2 shows some steps belonging the 

production of food (an example of carrots) 

processing, packing, handling, and delivering for 

consumption.  

This year (2022), many other reports have published 

concerning this strategy to focus on more topics 

related to the F2F strategy (Table 1) such as the 

role of terrestrial and aquatic farm viruses in food 

production systems under F2F strategy (Mahony 

and van Sinderen 2022), using the biofortification 

of tomato with carotenoid as a sustainable strategy 

for the agro-food chain (Meng et al. 2022), reducing 

food wastes at the level of food service, retail, and 

the household levels by understanding and 

addressing food wastes from date labeling of the 

products (Patra et al. 2022), using some innovative 

urban farming techniques as an example for 

sustainability of “F2F” in the cities (Shehata et al. 

2022), scenarios of achieving the “F2F” 50% 

pesticide reduction for avoiding environmental and 

human health risks (Silva et al. 2022), and reducing 

applied pesticide amounts more than 60% based on 

canopy characteristics in apple trees to reduce 

environmental risks (Xun et al. 2022). 
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Fig. 1: The strategy sets out both regulatory and non-regulatory initiatives, with the common agricultural and fisheries 

policies as key tools to support a just transition. https://ec.europa.eu/food/horizontal-topics/farm-fork-

strategy_en accessed on 16.6.2022. 

 

Fig. 2. The production of vegetables should follow many steps to be ready to consumption starting with producing the 

vegetables in the field, delivering the fruits (upper photos) to the factory for cleaning, sorting and packing 

(middle photos) in suitable packages and transportation (lower photos). Collecting different fruits like carrots, 

preparing, and transporting to be ready for shopping in Italy. All photos by Zakaria. 

https://ec.europa.eu/food/horizontal-topics/farm-fork-strategy_en
https://ec.europa.eu/food/horizontal-topics/farm-fork-strategy_en
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Table 1. A survey on most important published articles on from farm-to-fork this year (2022). 
 

The main title or topic of the published article References  

The impacts of super-shedders and high-event periods under “Farm to fork strategy” on food 

safety and mainly contamination with pathogens at slaughter 

Castro et al. (2022) 

Strong relationship between carbon productivity and farm profitability; based on the relation 

between carbon productivity and agro-economic performance at the farm level 

Coderoni and Vanino 

(2022) 

Farm to Fork strategy (i.e., F2F target) has many restrictions by reducing the use of fertilizers and 

pesticides as chemical inputs in farming in Italy 

Cortignani et al. (2022) 

The role of smart farming in agriculture digitalization and food production using digital from 

farm to fork in infrastructures of quality and control in food supply chains 

Donaldson (2022) 

The role of terrestrial and aquatic farm viromes (viruses) in food production systems and their 

importance for „farm to fork‟ analyses 

Mahony and van 

Sinderen D (2022) 

Using the biofortification of tomato with carotenoid as a sustainable strategy for the agro-food 

chain from field to fork 

Meng et al. (2022) 

Reducing food waste at retail, food service, and the household levels by understanding and 

addressing food wastes from date labeling of the products 

Patra et al. (2022) 

Using some innovative urban farming techniques in the city of Lanuvio (Rome, Italy) as an 

example for Sustainability of “Farm to Fork” in the cities 

Shehata et al. (2022) 

Certain scenarios to achieve the “Farm to Fork” 50% pesticide reduction by strong restrictions are 

needed to avoid risks to environmental and human health 

Silva et al. (2022) 

Reducing the applied pesticide amount based on canopy characteristics in apple trees by more 

than 60% to reduce environmental risks 

Xun et al. (2022) 

 

 

3. Nano-farming of vegetables 

The production of different horticultural crops is 

very important for human diets, which include the 

vegetables, fruits, and medicinal plants. Vegetable 

crops are rich in minerals, vitamins, and many 

bioactive compounds. The vegetables production 

has a certain approach, which need in general to 

produce the seedlings for almost vegetable crops in 

nurseries (Fig. 3), in open field and under 

greenhouses (Fig. 4), even under normal non-saline 

or saline soils. Recently, a closed system for 

vegetable and fish production was created. This 

system can use gravels or hydroponics as growing 

media and the drained water could be collected and 

inserted in fish pool for production fish, and the 

water in fish farming can be re-oriented (as a rich in 

ammonia) again to the vegetables like tomato, 

cucumber, cabbages, and pepper, as a source rich in 

N-fertilizer (Fig. 5). 

Vegetable production, like other agricultural 

products, was penetrated by the applications of 

nanotechnology (Behl et al. 2022). The main 

applied nanomaterials in agriculture include the 

nano-chemicals such as nano-fertilizers, nano-

fungicides, nano-herbicides, nano-pesticides, and 

nano-insecticides, as common nano-agrochemicals 

(Raj et al. 2021). These nanomaterials have an 

increased concern due to their economically viable 

and eco-friendly nature, as well as their enormous 

benefits in agriculture (Raj et al. 2021; Sharma et al. 

2022). Nano-farming is expressed on the using of 

nanoparticles/nanomaterials in different each 

agricultural practice such as nano-priming of 

vegetable seeds (Salam et al. 2022), nanofertilizers 

(An et al. 2022), nano-pesticides (Abdollahdokht et 

al. 2022), nano-packing (Wang et al. 2020), and 

also postharvest or storing vegetables under vacuum 

ultraviolet (Mabusela et al. 2022). Nano-postharvest 

is nowadays common as nano-emulsion based 

edible coatings of vegetables to apply essential oils 

as bioactive compounds (Pandey et al. 2022). 
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Fig. 3a. In the field of vegetable production, preparing and production of transplants from the horticultural nurseries 

is the backbone of the field. Production of transplants can be divided into 2 stages, first is the collecting the 

growing media, which are not normal soil but vermiculite and peat moss as common growing materials that use 

in producing and papering the seedling for cultivation in green house in Bari (Italy). All photos by El-Ramady. 
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Fig. 3b. Production of transplants from the horticultural nurseries: the second stage is representing in filling the trays 

with growing media and put the seeds of selected crops. Production of transplants using a certain fertilization 

and irrigation program to produce seedlings in greenhouse in Bari (Italy) the last photo in right upper is the 

tractor carrying the transplanting’s to move them to the open field. All photos by El-Ramady. 
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Fig. 4a. The intensive production of vegetables under greenhouses in Emirates. The 2 upper photos are tomato, 

whereas the middle photos are squash in the field of greenhouse and as packaged plates. The upper photos 

packages to be ready for shopping from different vegetable crops. All photos by Zakaria Fawzy. 
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Fig. 4b. Different vegetable crops are already cultivated in salt-affected soils under greenhouse conditions at 

Kafrelsheikh university, in the experimental farm, Egypt. Strawberry, green and color pepper, and cucumber 

are common vegetable crops cultivated in this area, as shown in photos from up to down. All photos by El-

Ramady 
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Fig. 5. Closed system for vegetable production using gravels as growing media and the drained water is collected and 

insert in fish pool for production fish, and the water in fish farming is re-oriented again to the vegetables like 

tomato, cucumber, cabbages, pepper etc. at the experimental farm in Kafrelsheikh Uni., Egypt. All photos by 

El-Ramady. 

 
For improving vegetables productivity and 

biosafety, nano-agrochemicals can be sued to 

upgrade the efficiency of agro-inputs by providing 

permanent solutions. Nano-agrochemicals have 

economic importance, which can enhance the 

efficiency of agro-inputs and improve food 

productivity and its security (Raj, et al., 2021). It 

could construct nano-agrochemical delivery system 

through nanomaterials (NMs) facilitates to improve 

the stability and dispersion of their active 

ingredients, promote the precise delivery of these 

agrochemicals, reduce the residual effects or 

expected pollution and decrease labor costs under 

different applied scenarios to maintain the 

sustainability of agricultural systems and to improve 

food security through increasing the efficacy of 

agro-inputs (An et al. 2022). 

 

4. Nano-farming of vegetables for 3F-stategy 

The production of vegetables needs certain 

agricultural practices starting from the germination 

of seeds, growth and development of cultivated 

vegetable plants, harvesting and postharvest 

processes as well. All these previous stages 

definitely need a special concern to achieve the 3F 

or F2F strategy. Nanotechnology has a great 

contribution to the previous practices including both 

pre- and post-harvesting stages as well as the 

vegetable food processes. For example, seed 

priming using nanoparticles/nanomaterials is called 

nano-priming, which causes a physiological change 

in the seed that permits it to germinate more rapidly 

especially under abiotic and biotic stresses as well 

as for forest reclamation purposes (Nile et al. 2022). 

Many open questions are answered in both Figs. (6) 

and (7) concerning the nano-farming of vegetables 
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under the umbrella of from farm -to-fork strategy 

including:  

-  What does mean “Nano-Farming” and “Farm-

to-Fork” or F2F Strategy? 

- What is the main target of nano-farming and 

the F2F strategy? 

- What is the main benefit of nano-farming and 

the F2F strategy? 

- What is the link between nano-farming and 

farm-to-fork strategy? 

- How vegetable production could be supported 

under nano-farming approach? 

- What is the possibility to produce nano-farming 

vegetable under F2F strategy? 

- What are the main obstacles facing production 

nano-farming vegetable under F2F strategy? 

- What are main applications of nano-farming for 

vegetable production under F2F strategy? 

More questions for sure are still needed to cover 

this very important approach, which may guarantee 

to produce the healthy and sustainable foods. 

 

 

 

Fig. 6. What is the difference between nano-farming and the F2F strategy? The meaning, benefits, and their link 

between these studies items. Mentioned refs. in the drawn figure are listed in the list of refs. 



 FROM FARM-TO-FORK: A PICTORIAL MINI REVIEW ON NANO-FARMING OF VEGETABLES 

__________________________________________________________________________________________________________________ 

Env. Biodiv. Soil Security, Vol. 6 (2022) 

 

 

 

 

159 

 

Fig. 7. Nano-farming of vegetable crops, and how this nano-formulation can support the strategy of farm to fork, 

including the problems and different cases belong this relationship. Mentioned refs. in the drawn figure are 

listed in the list of refs. 
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5. Conclusions  

This work is a direct invitation to submit articles to 

the journal of Environment, Biodiversity and Soil 

Security (EBSS) on nano-farming under the global 

initiation of “from field -to- fork”. This initiative 

strategy aims to try producing the healthy and 

sustainable foods especially vegetables, which the 

main source for human nutrition from vitamins, 

minerals, bioactive compounds. Several agricultural 

practices could be achieved through different 

applications of nanotechnology, which start with 

seed germination (using nano-priming), growth and 

development of cultivated vegetables using 

nanofertilizers and/or nano-pesticides as well as the 

harvesting, handle, packing, distribution and post-

harvesting of vegetables. This topic still contains a 

lot of interesting themes, which more investigations 

are needed especially the photographic reviews or 

mini-reviews.  

 

Ethics approval and consent to participate: 

This article does not contain any studies with 

human participants or animals performed by any of 

the authors.  

Consent for publication: All authors declare 

their consent for publication.  

Funding: This research received funding from 

the Hungarian Tempus Public Foundation (TPF), 

grant no. AK-00152-002/2021. 

Conflicts of Interest: The author declares no 

conflict of interest. 

Contribution of Authors: All authors shared in 

writing, editing and revising the MS and agree to its 

publication. 

Acknowledgments: H. El-Ramady thanks the 

Hungarian Tempus Public Foundation (TPF), grant 

no. AK-00152-002/2021 for financializing and 

supporting this work. 

 

6. References 

 

Abbasi R, Martinez P, Ahmad R (2022). The digitization 

of agricultural industry – a systematic literature 

review on agriculture 4.0. Smart Agricultural 

Technology 2, 100042. 

https://doi.org/10.1016/j.atech.2022.100042  

Abdollahdokht D, Gao Y, Faramarz S, Poustforoosh A, 

Abbasi M, Asadikaram G, Nematollahi MH (2022). 

Conventional agrochemicals towards nano-

biopesticides: an overview on recent advances. Chem. 

Biol. Technol. Agric. 9, 13 

https://doi.org/10.1186/s40538-021-00281-0   

An C, Sun C, Li N, Huang B, Jiang J, Shen Y, Wang C, 

Zhao X, Cui B, Wang C, Li X, Zhan S, Gao F, Zeng 

Z, Cui H, Wang Y (2022). Nanomaterials and 

nanotechnology for the delivery of agrochemicals: 

strategies towards sustainable agriculture. Journal of 

Nanobiotechnology 20, 11. 

https://doi.org/10.1186/s12951-021-01214-7  

Bartolucci C, Viviana Scognamiglio, Amina Antonacci, 

Leonardo Fernandes Fraceto (2022). What makes 

nanotechnologies applied to agriculture green? Nano 

Today, 43. 101389. 

https://doi.org/10.1016/j.nantod.2022.101389. 

Behl T, Kaur I, Sehgal A, Singh S, Sharma N, Bhati S, 

Al-Harrasi A, Bungau S (2022). The dichotomy of 

nanotechnology as the cutting edge of agriculture: 

Nano-farming as an asset versus nanotoxicity. 

Chemosphere 288, Part 2, 132533. 

https://doi.org/10.1016/j.chemosphere.2021.132533  

Castro VS, Figueiredo E, McAllister T, Stanford K 

(2022). Farm to fork impacts of super-shedders and 

high-event periods on food safety. Trends in Food 

Science & Technology, 

https://doi.org/10.1016/j.tifs.2022.06.006 

Celebi O, Cinislia KT, Celebi D (2021). Nano farming. 

Materials Today: Proceedings, 45, Part 3, 3805-3808. 

https://doi.org/10.1016/j.matpr.2020.12.1244 

Coderoni S, Vanino S (2022a). The farm-by-farm 

relationship among carbon productivity and economic 

performance of agriculture. Science of The Total 

Environment 819, 153103. 

https://doi.org/10.1016/j.scitotenv.2022.153103 

Cortignani R, Buttinelli R, Dono G (2022b). Farm to Fork 

strategy and restrictions on the use of chemical inputs: 

Impacts on the various types of farming and territories 

of Italy. Science of The Total Environment 810, 

152259. 

https://doi.org/10.1016/j.scitotenv.2021.152259 

Dangi KK, Verma AK (2021). Efficient & eco-friendly 

smart nano-pesticides: Emerging prospects for 

agriculture. Materials Today: Proceedings 45, Part 3, 

3819-3824. 

https://doi.org/10.1016/j.matpr.2021.03.211 

de Oliveira Filho JG, Miranda M, Ferreira MD, Plotto A 

(2021). Nanoemulsions as Edible Coatings: A 

Potential Strategy for Fresh Fruits and Vegetables 

Preservation. Foods. 10(10), 2438. doi: 

10.3390/foods10102438.  

Delshadi R, Bahrami A, Tafti AG, Barba FJ, Williams LL 

(2020). Micro and nano-encapsulation of vegetable 

and essential oils to develop functional food products 

with improved nutritional profiles. Trends in Food 

https://doi.org/10.1016/j.atech.2022.100042
https://doi.org/10.1186/s40538-021-00281-0
https://doi.org/10.1186/s12951-021-01214-7
https://doi.org/10.1016/j.nantod.2022.101389
https://doi.org/10.1016/j.chemosphere.2021.132533
https://doi.org/10.1016/j.tifs.2022.06.006
https://doi.org/10.1016/j.matpr.2020.12.1244
https://doi.org/10.1016/j.scitotenv.2022.153103
https://doi.org/10.1016/j.scitotenv.2021.152259
https://doi.org/10.1016/j.matpr.2021.03.211


 FROM FARM-TO-FORK: A PICTORIAL MINI REVIEW ON NANO-FARMING OF VEGETABLES 

__________________________________________________________________________________________________________________ 

Env. Biodiv. Soil Security, Vol. 6 (2022) 

 

 

 

 

161 

Science & Technology, 104, 72-83. 

https://doi.org/10.1016/j.tifs.2020.07.004.  

Donaldson A (2022). Digital from farm to fork: 

Infrastructures of quality and control in food supply 

chains. Journal of Rural Studies 91, 228-235. 

https://doi.org/10.1016/j.jrurstud.2021.10.004 

EC, European Commission (2020). European 

Commission Communication COM/2020/381. 

Communication from the Commission to the 

European Parliament, the Council, the European 

Economic and Social Committee and the Committee 

of the Regions: A Farm to Fork Strategy for a fair, 

healthy and environmentally-friendly food system. 

https://eur-

lex.europa.eu/resource.html?uri=cellar:ea0f9f73-9ab2-

11ea-9d2d-

01aa75ed71a1.0001.02/DOC_1&format=PDF 

accessed on 16.6.2022 

EC, European Commission (2022). Farm to Fork strategy. 

https://ec.europa.eu/food/horizontal-topics/farm-fork-

strategy_en accessed on 18.6.2022 

El-Ramady H, Abdalla N, Alshaal N, El-Henawy A, 

Elmahrouk M, Bayoumi Y, Shalaby T, Amer M, 

Shehata S, Fari M, Domokos-Szabolcsy E, Sztrik A, 

Prokisch J, Pilon-Smits EAH, Pilon M, Selmar D, 

Haneklaus S, Schnug E (2018). Plant Nano-nutrition: 

Perspectives and Challenges. In: K M Gothandam et 

al. (eds.), Nanotechnology, Food Security and Water 

Treatment, Environmental Chemistry for a 

Sustainable World 11, https://doi.org/10.1007/978-3-

319-70166-0_4, pp: 129 – 161. Springer International 

Publishing AG  

El-Ramady H, Abdalla N, Elbasiouny H, Elbehiry F, 

Elsakhawy T, Omara AE, Amer M, Bayoumi Y, 

Shalaby TA, Eid Y, Zia-Ur-Rehman M (2021a). 

Nano-biofortification of different crops to immune 

against COVID-19: A review. Ecotoxicol Environ 

Saf. 222, 112500. doi: 10.1016/j.ecoenv.2021.112500. 

El-Ramady H, Brevik EC, Elsakhawy T, Omara A, Amer 

M, Abowaly M, El-Henawy A, Prokisch J (2022a). 

Soil and Humans: A Comparative and A Pictorial 

Mini-Review. Egypt. J. Soil Sci. 62 (2), 41 – 53.  

El-Ramady H, El-Mahdy S, Awad A, Nassar S, Osman O, 

Metwally E, Aly E, Fares E, El-Henawy A (2021b). Is 

Nano-Biofortification the Right Approach for 

Malnutrition in the Era of COVID-19 and Climate 

change? Egypt. J. Soil. Sci. 61, (2), 161-173. DOI: 

10.21608/ejss.2021.75653.1445  

El-Ramady H, Faizy SE-D, Amer MM, Elsakhawy T, 

Omara A, Eid Y, Brevik EC (2022b). Management of 

Salt-Affected Soils: A Photographic Mini-Review. 

Env. Biodiv. Soil Security, (6), 61 – 79. DOI: 

10.21608/jenvbs.2022.131286.1172  

El‐ Ramady H, Törős G, Badgar K, Llanaj X, Hajdú P, 

El‐ Mahrouk ME, Abdalla N, Prokisch J (2022c). A 

Comparative Photographic Review on Higher Plants 

and Macro Fungi: A Soil Restoration for Sustainable 

Production of Food and Energy. Sustainability, 14, 

7104. https://doi.org/10.3390/su14127104  

Elsakhawy T, Omara AE-D, Abowaly M, El-Ramady H, 

Badgar K, Llanaj X, Töros G, Hajdú P, Prokisch J 

(2022). Green Synthesis of Nanoparticles by 

Mushrooms: A Crucial Dimension for Sustainable 

Soil Management. Sustainability 2022, 14, 4328. 

https://doi.org/10.3390/su14074328  

EUFIC, European Food Information Council (2022). The 

EU Farm to Fork Strategy: Can we make the 

European food system healthier and sustainable? 

https://www.eufic.org/en/food-production/article/the-

eu-farm-to-fork-strategy-can-we-make-the-european-

food-system-healthier-and-sustainable accessed on 

18.6.2022 

Fawzy ZF, El-Ramady H (2022). Applications and 

Challenges of Smart Farming for Developing 

Sustainable Agriculture. Env. Biodiv. Soil Security 6, 

81 – 90.  

Fei L, Bilal M, Qamar SA, Imran HM, Riasat A, 

Jahangeer M, Ghafoor M, Ali N, Iqbal HMN (2022). 

Nano-remediation technologies for the sustainable 

mitigation of persistent organic pollutants. 

Environmental Research, 211. 

https://doi.org/10.1016/j.envres.2022.113060.  

Ghosh S, Thongmee S, Kumar A (2022). Agricultural 

Nanobiotechnology: Biogenic Nanoparticles, 

Nanofertilizers and Nanoscale Biocontrol Agents. 

Woodhead Publishing, https://doi.org/10.1016/C2021-

0-00370-9  

Hazarika A, Yadav M, Yadav DK, Yadav HS (2022). An 

overview of the role of nanoparticles in sustainable 

agriculture. Biocatalysis and Agricultural 

Biotechnology, 102399. https://doi.org/10.1016/j.bca 

b.2022.102399.  

Hou J, Hu C, Wang Y, Zhang J, White JC, Yang K, Lin D 

(2022). Nano-bio interfacial interactions determined 

the contact toxicity of nTiO2 to nematodes in various 

soils. Science of The Total Environment, 835, 155456. 

https://doi.org/10.1016/j.scitotenv.2022.155456. 

Ibrahim GAZ, Hegab RH (2022). Improving Yield of 

Barley Using Bio and Nano Fertilizers under Saline 

Conditions Egypt. J. Soil Sci. 62, (1), 41 – 53. DOI: 

10.21608/EJSS.2022.124377.1496 

Kandemir K, Piskin E, Xiao J, Tomas M, Capanoglu E 

(2022). Fruit Juice Industry Wastes as a Source of 

https://doi.org/10.1016/j.tifs.2020.07.004
https://doi.org/10.1016/j.jrurstud.2021.10.004
https://eur-lex.europa.eu/resource.html?uri=cellar:ea0f9f73-9ab2-11ea-9d2d-01aa75ed71a1.0001.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:ea0f9f73-9ab2-11ea-9d2d-01aa75ed71a1.0001.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:ea0f9f73-9ab2-11ea-9d2d-01aa75ed71a1.0001.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:ea0f9f73-9ab2-11ea-9d2d-01aa75ed71a1.0001.02/DOC_1&format=PDF
https://ec.europa.eu/food/horizontal-topics/farm-fork-strategy_en%20accessed%20on%2018.6.2022
https://ec.europa.eu/food/horizontal-topics/farm-fork-strategy_en%20accessed%20on%2018.6.2022
https://doi.org/10.1007/978-3-319-70166-0_4
https://doi.org/10.1007/978-3-319-70166-0_4
https://doi.org/10.3390/su14127104
https://doi.org/10.3390/su14074328
https://www.eufic.org/en/food-production/article/the-eu-farm-to-fork-strategy-can-we-make-the-european-food-system-healthier-and-sustainable%20accessed%20on%2018.6.2022
https://www.eufic.org/en/food-production/article/the-eu-farm-to-fork-strategy-can-we-make-the-european-food-system-healthier-and-sustainable%20accessed%20on%2018.6.2022
https://www.eufic.org/en/food-production/article/the-eu-farm-to-fork-strategy-can-we-make-the-european-food-system-healthier-and-sustainable%20accessed%20on%2018.6.2022
https://www.eufic.org/en/food-production/article/the-eu-farm-to-fork-strategy-can-we-make-the-european-food-system-healthier-and-sustainable%20accessed%20on%2018.6.2022
https://doi.org/10.1016/j.envres.2022.113060
https://doi.org/10.1016/C2021-0-00370-9
https://doi.org/10.1016/C2021-0-00370-9
https://doi.org/10.1016/j.bca%20b.2022.102399
https://doi.org/10.1016/j.bca%20b.2022.102399
https://doi.org/10.1016/j.scitotenv.2022.155456


 ZAKARIA F. FAWZY, et al., 

_____________________________________________________________________________________________________________ 

Env. Biodiv. Soil Security, Vol. 6 (2022) 
 

 

 
 

 

162 

Bioactives. J Agric Food Chem. 70(23), 6805-6832. 

doi: 10.1021/acs.jafc.2c00756.  

Mabusela BP, Belay ZA, Godongwana B, Pathak N, 

Mahajan PV, Caleb OJ (2022). Advances in Vacuum 

Ultraviolet Photolysis in the Postharvest Management 

of Fruit and Vegetables Along the Value Chains: a 

Review. Food and Bioprocess Technology 15, 28–46. 

https://doi.org/10.1007/s11947-021-02703-1  

Mahony J, van Sinderen D (2022). Virome studies of 

food production systems: time for „farm to fork‟ 

analyses. Current Opinion in Biotechnology, 73:22–

27.  

Meng F, Li Y, Li S, Chen H, Shao Z, Jian Y, Mao Y, Liu 

L, Wang Q (2022). Carotenoid biofortification in 

tomato products along whole agro-food chain from 

field to fork. Trends in Food Science & Technology 

124, 296-308. 

https://doi.org/10.1016/j.tifs.2022.04.023 

Muthukrishnan L (2022). An overview on the 

nanotechnological expansion, toxicity assessment and 

remediating approaches in Agriculture and Food 

industry. Environmental Technology & Innovation 25, 

102136. https://doi.org/10.1016/j.eti.2021.102136 

Nardella S, Conte A, Del Nobile MA (2022). State-of-Art 

on the Recycling of By-Products from Fruits and 

Vegetables of Mediterranean Countries to Prolong 

Food Shelf Life. Foods. 11(5), 665. doi: 

10.3390/foods11050665.  

Neme K, Nafady A, Uddin S, Tola YB (2021). 

Application of nanotechnology in agriculture, 

postharvest loss reduction and food processing: food 

security implication and challenges. Heliyon, 7 (12), 

e08539. 

https://doi.org/10.1016/j.heliyon.2021.e08539. 

Ni J, Cui Z, He L, Yang Y, Sang Z, Rahman MM (2021). 

Reinforced lubrication of vegetable oils with nano-

particle additives in broaching. Journal of 

Manufacturing Processes, 70, 518-528. 

https://doi.org/10.1016/j.jmapro.2021.09.005. 

Nile SH, Thiruvengadam M, Wang Y, Samynathan R, 

Shariati MA, Rebezov M, Nile A, Sun M, 

Venkidasamy B, Xiao J, Kai G (2022). Nano-priming 

as emerging seed priming technology for sustainable 

agriculture-recent developments and future 

perspectives. J Nanobiotechnology. 20(1):254. doi: 

10.1186/s12951-022-01423-8.  

Pandey VK, Ul Islam R, Shams R, Dar AH (2022). A 

comprehensive review on the application of essential 

oils as bioactive compounds in Nano-emulsion based 

edible coatings of fruits and vegetables. Applied Food 

Research 2, 100042. 

https://doi.org/10.1016/j.afres.2022.100042 

Patra D, Henley SC, Benefo EO, Pradhan AK, 

Shirmohammadi A (2022). Understanding and 

addressing food waste from confusion in date labeling 

using a stakeholders‟ survey. Journal of Agriculture 

and Food Research 8, 100295. 

https://doi.org/10.1016/j.jafr.2022.100295 

Pratap Singh D, Packirisamy G (2022). Biopolymer based 

edible coating for enhancing the shelf life of 

horticulture products. Food Chem (Oxf). 4, 100085. 

doi: 10.1016/j.fochms.2022.100085.  

Raj SN, Anooj ES, Rajendran K, Vallinayagam S (2021). 

A comprehensive review on regulatory invention of 

nano pesticides in Agricultural nano formulation and 

food system. Journal of Molecular Structure 1239, 

130517. 

https://doi.org/10.1016/j.molstruc.2021.130517 

Rajput VD, Verma KK, Sharma N, Minkina T (2022). 

The Role of Nanoparticles in Plant Nutrition under 

Soil Pollution Nanoscience in Nutrient Use 

Efficiency. Sustainable Plant Nutrition in a Changing 

World Book Series (El-Ramady et al.) 

https://doi.org/10.1007/978-3-030-97389-6, Springer 

Nature Switzerland AG  

Saffan MM, Koriem MA, El-Henawy A, El-Mahdy S, El-

Ramady H, Elbehiry F, Omara AE-D, Bayoumi Y, 

Badgar K, Prokisch J (2022). Sustainable Production 

of Tomato Plants (Solanum lycopersicum L.) under 

Low-Quality Irrigation Water as Affected by Bio-

Nanofertilizers of Selenium and Copper. 

Sustainability, 14, 3236. https://doi.org/10.3390/s 

u14063236. 

Salam A, Khan AR, Liu L, Yang S, Azhar W, Ulhassan 

Z, Zeeshan M, Wu J, Fan X, Gan Y (2022). Seed 

priming with zinc oxide nanoparticles downplayed 

ultrastructural damage and improved photosynthetic 

apparatus in maize under cobalt stress. Journal of 

Hazardous Materials, 423, Part A, 127021. 

https://doi.org/10.1016/j.jhazmat.2021.127021. 

Saravanakumar K, SivaSantosh S, Sathiyaseelan A, 

Naveen KV, Ahamed MAA, Zhang X, Priya VV, Ali 

DM, Wang M-H (2022). Unraveling the hazardous 

impact of diverse contaminants in the marine 

environment: Detection and remedial approach 

through nanomaterials and nano-biosensors. Journal 

of Hazardous Materials, 433. 

https://doi.org/10.1016/j.jhazmat.2022.128720.  

Shalaby TA, Bayoumi Y, Eid Y, Elbasiouny H, Elbehiry 

F, Prokisch J, El-Ramady H, Ling W (2022). Can 

Nanofertilizers Mitigate Multiple Environmental 

Stresses for Higher Crop Productivity? Sustainability, 

14, 3480. https://doi.org/10.3390/su14063480  

https://doi.org/10.1007/s11947-021-02703-1
https://doi.org/10.1016/j.tifs.2022.04.023
https://doi.org/10.1016/j.eti.2021.102136
https://doi.org/10.1016/j.heliyon.2021.e08539
https://doi.org/10.1016/j.jmapro.2021.09.005
https://doi.org/10.1016/j.afres.2022.100042
https://doi.org/10.1016/j.jafr.2022.100295
https://doi.org/10.1016/j.molstruc.2021.130517
https://doi.org/10.1007/978-3-030-97389-6
https://doi.org/10.3390/s%20u14063236
https://doi.org/10.3390/s%20u14063236
https://doi.org/10.1016/j.jhazmat.2021.127021
https://doi.org/10.1016/j.jhazmat.2022.128720
https://doi.org/10.3390/su14063480


 FROM FARM-TO-FORK: A PICTORIAL MINI REVIEW ON NANO-FARMING OF VEGETABLES 

__________________________________________________________________________________________________________________ 

Env. Biodiv. Soil Security, Vol. 6 (2022) 

 

 

 

 

163 

Sharma S, Shree B, Aditika, Sharma A, Irfan M, Kumar P 

(2022). Nanoparticle-based toxicity in perishable 

vegetable crops: Molecular insights, impact on human 

health and mitigation strategies for sustainable 

cultivation. Environmental Research 212, Part A, 

113168. https://doi.org/10.1016/j.envres.2022.113168  

Shehata M, D‟Aprile A, Calore G, Ginot L, Correrella M, 

Elian M, Aly N, Sangodoyin O, Aboughanema S, Ali 

S, Aboulnaga M (2022). Innovative Urban Farming 

Techniques for Sustainability of Cities: from Farm to 

Fork – Case of the City Lanuvio, Rome, Italy. A. 

Sayigh (ed.), Sustainable Energy Development and 

Innovation, Innovative Renewable Energy, 

https://doi.org/10.1007/978-3-030-76221-6_33 

Springer Nature Switzerland AG. Pp: 247 – 267.  

Shekhar S, Gautam S, Sharma B, Sharma S, Das PP, 

Chaudhary V (2021). Deciphering the pathways for 

evaluation of nanotoxicity: Stumbling block in 

nanotechnology. Cleaner Engineering and 

Technology, 5, 100311. 

https://doi.org/10.1016/j.clet.2021.100311.  

Silva V, Yang X, Fleskens L, Ritsema CJ, Geissen V 

(2022). Environmental and human health at risk – 

Scenarios to achieve the Farm to Fork 50% pesticide 

reduction goals. Environment International 165, 

107296. https://doi.org/10.1016/j.envint.2022.107296  

Singh G, Ramadass K, Sooriyakumara P, Hettithanthri O, 

Vithang M, Bolan N, Tavakkoli E, Zwieten LV, Vinu 

A (2022). Nanoporous materials for pesticide 

formulation and delivery in the agricultural sector. 

Journal of Controlled Release 343, 187-206. 

https://doi.org/10.1016/j.jconrel.2022.01.036  

Verma KK, Song XP, Joshi A, Tian DD, Rajput VD, 

Singh M, Arora J, Minkina T, Li YR (2022). Recent 

Trends in Nano-Fertilizers for Sustainable Agriculture 

under Climate Change for Global Food Security. 

Nanomaterials (Basel). 12(1):173. doi: 

10.3390/nano12010173.  

Wang L, Shao S, Madebo MP, Hou Y, Zheng Y, Jin P 

(2020). Effect of nano-SiO2 packing on postharvest 

quality and antioxidant capacity of loquat fruit under 

ambient temperature storage. Food Chemistry, 315, 

126295. 

https://doi.org/10.1016/j.foodchem.2020.126295.  

Wu H, Li Z (2022). Nano-enabled agriculture: how 

nanoparticles cross barriers in plants? Plant 

Communications, Doi: 

https://doi.org/10.1016/j.xplc.2022.100346.  

Xing Y, Li W, Wang Q, Li X, Xu Q, Guo X, Bi X, Liu X, 

Shui Y, Lin H, Yang H (2019). Antimicrobial 

Nanoparticles Incorporated in Edible Coatings and 

Films for the Preservation of Fruits and Vegetables. 

Molecules. 24(9), 1695. doi: 

10.3390/molecules24091695.  

Xun L, Garcia-Ruiz F, Fabregas FX, Gil E (2022). 

Pesticide dose based on canopy characteristics in 

apple trees: Reducing environmental risk by reducing 

the amount of pesticide while maintaining pest and 

disease control efficacy. Science of the Total 

Environment 826, 154204. 

http://dx.doi.org/10.1016/j.scitotenv.2022.154204 

 

 

 
.
 

https://doi.org/10.1016/j.envres.2022.113168
https://doi.org/10.1007/978-3-030-76221-6_33
https://doi.org/10.1016/j.clet.2021.100311
https://doi.org/10.1016/j.envint.2022.107296
https://doi.org/10.1016/j.jconrel.2022.01.036
https://doi.org/10.1016/j.foodchem.2020.126295
https://doi.org/10.1016/j.xplc.2022.100346
http://dx.doi.org/10.1016/j.scitotenv.2022.154204

