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A B S T R A C T   

The COVID-19 pandemic has severely impacted the development trajectories of several world economies with 
India being no exception. The country presently is the second worst affected in terms of total infections despite 
inducing a nationwide lockdown in the initial stages. In addition to curtailing infection spread, ensuring food 
security during and post pandemic is a major concern for the country owing to the high percentage of stunting 
and undernourishment already present and a relatively high proportion of vulnerable workforce with no regular 
source of income amidst the lockdown. The present article therefore ascertains the impact of the pandemic on the 
food systems which can potentially affect food security in the country as well as the government introduced 
reforms and policy measures to tackle them. Following the analysis, we suggest measures like digitally enhancing 
connectivity of neighbourhood retail or ‘Kirana’ stores in urban and rural areas, distribution of therapeutic foods 
and immune supplements among the impoverished societal sections through existing government schemes and 
promotion of ‘planetary healthy diets’ for overcoming food-insecurity while increasing nutrition security and 
ensuring long term food sector sustainability.   

1. Introduction 

Governments around the world presently are witnessing unprece
dented socio-economic challenges as they attempt to contain the spread 
of the novel SARS-Cov-2 or COVID-19 (Mulvaney et al., 2020; Nicola 
et al., 2020). Although India faces the grim reality of being the second 
worst affected nation from the pandemic (www.covid19.who.int), the 
mortality rate remains extremely low (1.41%) and the overall infection 
spread has also started to decline with active cases forming only 1.51% 
of the total infections as on 2nd March 2021 (www.mohfw.gov.in). The 
country owing to a very high population density therefore stares at the 
daunting task of maintaining the declining trend of infection spread, 
ensuring adequate health facilities for the infected, providing livelihood 
options to migrant workers within rural and urban sectors as well as 
boosting economic resurgence (Kundu 2020; Paital et al., 2020). 

Measures for containing the spread of the virus involved issuance of a 
nation-wide lockdown of 21 days effective from the 25th of March 2020 
which was extended until May 2020 (MHA GoI, 2020a; 2020d). Addi
tionally, based on total active and reported cases, all districts within the 
country were categorised under red, orange and green zones with the 
former being at maximum risk while containment zones were created 

within these districts wherever cases were confirmed (MHA GoI, 
2020d). Several relaxations on movement and resumption of activities 
were gradually allowed by the government in areas outside containment 
zones through guidelines for phased re-opening in order to revive the 
national economy (MHA GoI, 2020e; 2020f, 2020g). Besides, national 
and state governments in the past months have been successful in 
spreading extensive awareness related to the virus transmission and 
necessary precautions in both urban and rural sectors (www.mohfw. 
gov.in; www.mygov.in). Efforts have also been made for domestic 
mass production of N95 masks, personal protection equipment (PPE) 
kits and ventilators (PIB 2020c). The government also advised alcohol 
based sanitizer manufactures to boost their production capacity and 
fixed the prices of sanitizers and surgical masks in order to ensure their 
unhindered availability (PIB 2020a; 2020b). Furthermore, as of 16th 
January 2021, the vaccination drive has also been initiated with 1,48, 
54,136 doses administered as of 2nd March 2021 (PIB 2021; www.moh 
fw.gov.in). 

In addition to the economic and health concerns, ensuring avail
ability of sufficient and nutritious food for all (Laborde et al., 2020) is 
another serious concerns as the pandemic impacted through various 
supply and demand side challenges such as non-operational 
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manufacturing mills, disrupted transportation chains, labour-intensive 
farming systems and subsequent labour shortages owing to movement 
restrictions (ADB 2020; Reardon et al., 2020; Workie et al., 2020). The 
national economy was expected to shrunk by 4.0% in the Financial Year 
2020 owing to trade barriers, reduced mobility and labour migrations 
(ADB 2020). Agriculture, a major influencer of the Indian economy 
contributed 3,047,187 Crore (30471870 million INR) to the national 
GVA (Gross Value Added) in the year 2019–20 (Economic Survey 
2020b). Critical to the development of agriculture is the food processing 
sector which constituted 11.11% of the former’s GVA in 2018–19 and 
plays a pivotal role in issues related to food security, employment, price 
regulation and provision of nutritious food (GoI MOFPI, 2020). More
over, attaining nutritional security has always been critical to the 
country’s progress as it grapples with a 14.5% PoU (Prevalence of Un
dernourishment) and 37.5% stunting in children under five (FAO 
2019a). 

The first lockdown period in India coincided with the peak harvest 
season of winter crops (NAAS 2020). However, the government subse
quently included agriculture, fisheries and livestock farming under list 
of selected activities permitted during the second phase of lockdown in 
order to reduce grain loss and other negative impacts (GoI MHA GoI, 
2020c). Agricultural produce distribution and marketing in India is a 
highly regulated process governed by a number of legislative measures 
related to procurement, storage and transportation at the Central and 
State level and involves a number of intermediaries (AGRICOOP 2014; 
AGRICOOP 2018). However, despite being a leading producer of several 
agricultural and food products and also having a well-structured insti
tutional and statutory setup for distribution of food, several concerns in 
the form of hidden hunger and food losses remain pertinent which may 
become graver in the face of pandemic (GoI MOFPI, 2020; Mishra and 
Rampal 2020). Further augmenting COVID-19 induced disruption of 
agricultural systems is the impact of various climate change related 
concerns such as warming temperatures, environmental pollutants, 
falling groundwater levels and deteriorating air quality on crop yields 
(Rasul 2021) and several assessments have recognized the close asso
ciation between agriculture, food systems, health and environment 
(Campbell et al., 2016; Lam et al., 2017; Pradhan et al., 2018). Based on 
modelling simulations, Daloz et al. (2021) concluded that the direct 
effects of climate change manifesting in the form of temperature and 
precipitation alterations can lead to wheat losses between − 1% and 
− 8% while indirect effects of climate change impacting water avail
ability can cause even higher yield losses in the Indo-Gangetic plains. 
Similarly, Mukherjee et al. (2021) have further deduced wheat followed 
by mustard and rice to be the most sensitive towards ambient ozone 
concentrations in the troposphere. In this context, the present study was 
aimed to understand the (i) existing status of food security in the county 
and the impact of the COVID-19 pandemic on it, (ii) institutional re
forms introduced by the Government of India for building the resilience 
of food sector and, henceforth provides (iii) science based policy rec
ommendations for building resilience of food systems during and post 
COVID-19 pandemic. 

2. Materials and methods 

In order to deal with the pandemic crisis, the Government of India 
has been issuing regular advisories and notifications regarding neces
sary precautions and guidelines to be followed, rate of infection spread, 
health infrastructure and strategic mitigation measures (relief packages, 
vaccine development) being adopted (www.mohfw.gov; www.mha.gov; 
www.mygov.in). Owing to its recent nature, in-depth scientific assess
ments exploring the impact of pandemic on various sectors influencing 
social security remain limited. The present study therefore attempts to 
bridge this gap by gauging the impact of the pandemic on the food sector 
and the institutional measures in place for its mitigation. 

The first stage involved understanding the present condition of the 
nation’s food sector with respect to food procurement, storage, 

processing and consumption. Thus, annual reports from the Ministry of 
Agriculture and Farmers’ Welfare (MAFW), Ministry of Food Processing 
Industries (MOFPI) and Department of Food and Public Distribution 
(DFPD) were retrieved and studied (AGRICOOP 2014; 2018; CACP 
2020; DFPD 2020; GoI MOFPI, 2020). Thereafter, government releases 
from the Press Information Bureau (PIB), the nodal agency responsible 
for disseminating information related to government policies and pro
grammes (www.pib.gov.in) and monthly bulletins of the National Food 
Security Act (NFSA) (NFSA 2020a; 2020b) related to the food sector 
along with published research and opinions highlighting international 
(Arndt et al., 2020; Arouna et al., 2020; Garnett et al., 2020) and na
tional (Alvi and Gupta 2020; Harris et al., 2020; Singh et al., 2020) 
concerns related to the impact of the pandemic on the food supply chain 
were analysed. Subsequently, institutional and policy measures intro
duced by the government for shielding the food sector from risks posed 
by the pandemic were examined closely to understand their character
istic features. For this purpose, details of the economic and social relief 
packages were retrieved from the PIB and MAFW (www.pib.gov.in; 
Gazette of India, 2020a; b; c). Further, all administrative interventions 
were clubbed under the concerned areas they aimed to address as well as 
the relevant stage of the food supply chain they targeted. 

Effectual policy-making is critical for addressing challenges arising 
from the pandemic and boosting institutional capacity with respect to 
food systems (Cardwell and Ghazalian 2020; IPES-Food 2020). Fulfil
ment of the first two objectives helped strengthen the third which 
involved suggesting relevant recommendations to build long term sus
tainability, resilience and adaptability of food systems against the pre
sent pandemic as well as in the event of a future crisis impacting public 
health and social security (Allen et al., 2017; Folke et al., 2010; Sperling 
et al., 2020). In order to build an insight for the same, existing policy 
briefs published by several international organisations such as the Food 
and Agriculture Organisation (FAO) (FAO 2019a; 2019b; 2020), Asian 
Development Bank (ADB) (ADB 2020), Food Security Information 
Network (FSIN) (FSIN 2020) as well as the reports published by the High 
Level Panel of Experts (HLPE) on food security and nutrition constituted 
to advice the Committee on World Food Security (HLPE 2014; 2017; 
2020) dealing with food insecurity and strategies for overcoming it were 
consulted. Additionally, policy papers and briefs from the National 
Academy of Agricultural Sciences (NAAS), the academy of India dedi
cated to advancing agricultural research for national and societal wel
fare (NAAS 2017; 2019a; 2019b; 2020) along-with various research and 
review assessments dealing with agricultural sustainability (Bains 2020; 
Bhavani and Gopinath 2020; Waha et al., 2018) as well as importance of 
social protection programs (Hidrobo et al., 2020) and nutritional secu
rity (Galanakis 2020; Olaimat et al., 2020) were studied. 

3. Results and discussion 

The sudden emergence and rapid spread of the present pandemic has 
thrown up numerous social and economic challenges in addition to the 
universal concern of boosting health-care systems and provision of equal 
health services to all individuals irrespective of their wealth status 
(Gopalan and Misra 2020; Tisdell 2020; United Nations 2020). Impact 
on food systems could likely result from restrictions or lockdowns 
imposed at national scales to contain the spread of the pandemic by 
disrupting trade flows and transportation chains, food price fluctuations, 
reducing buffer stocks of perishable food items along-with creating 
obstruction in labour supply (Farias and Araujo 2020; Garnett et al., 
2020; Falkendal et al., 2021). Table (1) further depicts opinions and 
research world-wide dedicated to the cause of impact of COVID-19 on 
food and health. 

Even-though both developed and developing nations are witnessing 
an economic slowdown, lack of well-planned mitigation measures could 
further adversely affect the functioning of food systems and conse
quentially worsen the food and nutrition insecurity in regions already 
affected with these issues (Udmale et al., 2020; United Nations 2020). 
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3.1. State of food security and concerns arising from COVID-19 

While India is relatively better sheltered from the key drivers of acute 
food insecurity (conflicts, extreme weather events and economic shocks) 
than several regions in Middle and East Asia as well as Africa, consid
erable proportion of the country’s population still remains undernour
ished, lacking access to clean water and sanitation services and engaged 
in the informal sector (FSIN 2020; GoI MOSPI, 2020). The above factors 
affect overall immunity levels of individuals thereby increasing their 
risk of contracting COVID-19. Production, procurement, stock, storage, 
movement and distribution are some key terms associated with main
tenance of food security and ensuring access of food for all. Under
standing the present state of affairs with respect to these key parameters 
would therefore prove critical in discerning the impact of the pandemic 
and the resulting lockdown restrictions on the food sector of the country. 

As evident from Table 2a the country is self-sufficient as far as pro
duction, procurement and storage of staple food grains (rice, wheat and 
coarse-grains) is concerned . Additionally, the 3rd Advance Estimates of 
the Department of Agriculture, Cooperation and Farmers’ Welfare also 
estimates record production for oilseeds (33.50 million tonnes) and 
cotton (36.05 million bales) (PIB, 2020e). Meanwhile, the 2nd Advance 
Estimates for the horticulture sector reveal a 3.13% increase over pre
vious year in terms of total production with increase in fruits, vegeta
bles, aromatic and medicinal plants while decrease in plantation crops 
and spices (PIB, 2020i). However, as evident production in the horti
culture sector and cold storage capacity still lags behind food grains (PIB 
2020d). Consequently, Harris et al. (2020) estimated the impact of 
Covid-19 on vegetable producers of the country (telephonic survey of 
farmers in four states) during the early stages of the pandemic. The study 
concluded that majority of farmers experienced disruptions in produc
tion owing to lack of transport, inputs, labour or storage. 

Another associated concern is the burgeoning food stocks (Fig. 1) in 
central pool which might rot and get wasted if not utilized in a timely 
manner. Rice stocks were 17.4% higher in March 2020 than the previous 
year when compared with the buffer norms. Increased allocation under 
NFSA and Other Welfare Schemes (OWS) as well as diversion of old 
stocks towards ethanol production and animal feeding have being sug
gested as some measures to reduce stocks and generate storage space 
(CACP 2020). Release of such excess stocks in open markets is likely to 
increase supply leading to price falls which could in turn reduce eco
nomic returns to farmers (Mahapatra 2020). 

Movement of food was another challenge encountered amidst the 
pandemic owing to lockdown restrictions and suspension of trans
portation services despite movement of essential goods being allowed 
(MHA GoI, 2020a; b). India, being less reliant on food imports (Table 2b) 
primarily experienced disruptions in inter and intra state movement of 
food. 

Figure (2) further depicts that movement was lowest in the month of 
March owing to the nation-wide lockdown and again witnessed a sharp 
rise in April owing to proper resumption of goods trains. Additionally, 
owing to disruptions in supply chains arrival of food commodities in 
markets witnessed a 64% decline as compared to the previous year in the 
first phase of lockdown (NAAS 2020). The country also experienced a 
decline in food exports (US$ 21260.91 million) and imports (US$ 
13162.80 million) in 2019–20 (April–November) as compared to the 
previous year (Table 2b) (GoI MOFPI, 2020). 

Furthermore, reducing the amount of transit, storage and distribu
tion losses is a major concern especially with regards to horticultural 
crops which account for the highest proportion of losses (Table 2b). 
Overall, the annual value of harvest and post-harvest agricultural losses 
was estimated at 92,651 Crores in 2015 (GoI MOFPI, 2020) with around 
23 million tonnes of loss reported in grains (NAAS 2019a). While the 
losses in cereals are observed during farm level activities, fruit and 
vegetable losses occur owing to limited processing facilities, institu
tional gaps and below par utilization of existing capacity (GoI MOFPI, 
2020; Sivaraman 2016). Such losses are likely to further increase during 

Table 1 
Impact of COVID-19 on food security at the international stratum.  

Country Focus Conclusions Reference 

Europe Impact of 
movement 
restrictions on 
food prices in 31 
countries 
between 
January to May 
2020 

More stringent stay- 
at-home restrictions 
witnessed increase in 
prices in March as 
compared to the 
initial months with 
meat, fish and 
seafood being more 
severely impacted as 
opposed to cereal, 
milk, eggs and oils. 

Akter (2020) 

Bangladesh Development of 
indicators for 
monitoring food 
system 
disruptions 
resulting from 
pandemic 

Labour, seed, 
fertilisers, resource 
supply, machinery, 
logistics, output 
market can serve as 
effectual monitoring 
indicators warning 
against food supply 
disruptions 

Amjath-Babu et al. 
(2020) 

South Africa Impact of 
lockdown on 
income 
distribution and 
food security 

Households 
depending majorly on 
labour income and 
low educational 
attainment are more 
vulnerable to the risks 
of food security posed 
by lockdown policies 
Government transfer 
payments can help 
shield the detrimental 
impacts 

Arndt et al. (2020) 

Sub- 
Saharan 
Africa 
(SSA) 

Effect of 
restrictions on 
planting of 
staple crops and 
farm inputs in 
various 
countries of SSA 

Most SSA countries 
are vulnerable to 
movement 
restrictions owing to 
high reliance on 
imports and poverty 
incidence along-with 
delayed harvesting 
and reduced labour 

Ayanlade and Radeny 
(2020) 

West Africa Resilience of 
domestic rice 
value chains 

Recommendations for 
short- and long-term 
policy interventions 
to reduce impact of 
COVID19 on rice 
chains 

Arouna et al. (2020) 

Britain Food 
provisioning 
services among 
vulnerable 
groups and 
weaknesses in 
government 
response 

People from Black, 
Asian, minority 
ethnic and with 
existing health 
conditions were most 
at risk while the 
government’s 
response was 
piecemeal and 
majorly reliant on the 
voluntary sector 

Barker and Russell 
(2020) 

Kakamega 
county, 
Western 
Kenya 

Impact of farm 
storage on 
household food 
security 

Improved farm 
storage through 
hermetic storage bags 
can limit food 
insecurity arising 
from COVID induced 
restrictions 

Huss et al. (2021) 

China Impact of 
pandemic on 
vegetable 
production, 
marketing and 
farmer 
households 

The degree of 
restriction measures 
was directly 
proportional to the 
losses incurred by 
farmers while 
reduction in sales and 
unpredictability in 
prices was the 

Jie-hong et al. (2020) 

(continued on next page) 
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the pandemic owing to movement restrictions and labour shortage 
owing to migrations especially in states relying greatly on agricultural 
workforce like Punjab and Haryana (Chaba and Damodara 2020; Singh 
et al., 2020). Determining the effects at the state level, Kumar et al. 
(2021) elucidated the consequences of lockdown on farming systems in 
the agriculture dominant state of Uttar Pradesh. Differential availability 
of migrant labour, market closures and insufficient inputs were the 
major concerns affecting agricultural systems in the state during 

lockdown. 
As regards food consumption, cereal intake forms a major source of 

energy and protein intake in both rural and urban sectors with contri
bution from non-cereal sources (milk, oils, fish and meat) increasing 
with a corresponding increase in income (GoI NSSO, 2014b). This 
highlights the dependence of the country’s diet on plant-based food 
sources owing to their larger production and easier affordability (Eco
nomic Survey 2020a). Similarly, increase in average calorie and protein 
intake was observed to be positively correlated with rise in monthly per 
capita expenditure indicating the intricate relationship between 
household income and nutritional security (GoI NSSO, 2014b). Besides, 
the pattern of consumer expenditure (Table 2c) indicates that the bulk 
proportion of income in rural India is spent on food procurement (GoI 
NSSO, 2014a). 

This already delicate balance between poverty, food security and 
agricultural productivity especially in the economically weaker sections 
of the society (Hajra and Ghosh 2018; Priyadarshini and Abhilash 2020) 
faces the risk of disruption since employment (reduction by 0.9% during 
November) and household incomes have witnessed a downward trend 
owing to the pandemic (CMIE 2020a). Another disturbing statistic is 
further fall in female workforce participation (accounted for 13.9% of 
job losses in April 2020) during the pandemic which is already heavily 
skewed in favour of men (CMIE 2020b) with quarterly average agri
cultural wages as of 2018 for women (172) also being below males (247) 
(GoI MOSPI, 2020). This could have major implications on household 
food security in the long run since women can contribute significantly in 
producing and provisioning food (Holland and Rammohan 2019; Rao 
et al., 2019a) and therefore need to be included within social protection 
schemes (Hidrobo et al., 2020). Besides, lockdown induced school clo
sures are likely to negatively impact nutritional security of rural children 
and pregnant mothers since a vast majority depends on cooked meals 
provided by the government in all schools under the Mid-day Meal 
Program and Integrated Child Development Scheme (ICDS) (Alvi and 
Gupta 2020). This could in turn lead to worsening of wasting and 
mortality ratios in children under five (Headey et al., 2020). 

Simultaneously, percentage share of GVA (key indicator of a sector’s 
economic performance) from Agriculture, Forestry and Fishing within 
India’s total GVA has been on a declining trend (from 18.2% in 2014–15 
to 16.5% in 2019–20) reflecting transformational changes in the econ
omy (Economic Survey 2020b). This creates additional challenges for 
financial inclusion (access to financial services and institutional credit at 
affordable costs) of rural households, majority of which are engaged in 
agricultural and cultivation activities which is critical for their 
empowerment, growth and social inclusion (NABARD 2018; NAAS 
2019b). The present pandemic therefore has the potential to increase the 
vulnerabilities of the informal labourers (Lele et al., 2020) as well as for 
marginal farmers with limited land holdings and digital literacy by 
reducing access to markets and institutions for input procurement, 
selling, investments and loans as concluded by several assessments 
(Arndt et al., 2020; HLPE 2020; Woertz 2020). In addition to the supply 
chain and social challenges, several ecological concerns are also closely 
linked with food security and agricultural systems (Fig. 3). 

Agricultural sector in India is facing a multitude of ecological chal
lenges such as agrobiodiversity loss, pollution, decreasing soil fertility 
and soil carbon pool, unscientific land use practices among others (Rao 
et al., 2019b; Sarkar et al., 2020a; Bhattacharya et al., 2020; Dubey 
et al., 2021). The sector is extremely vulnerable to climatic shocks 
manifested as rainfall-deficit or heat stress related episodes owing to 
dependence on rainfall, small farm holdings along-with financial and 
infrastructure constraints (Birthal et al., 2014; Birthal and Hazrana 
2019). Besides, states leading in agricultural production such as Punjab 
and Haryana also experience severe depletion in groundwater levels 
(Suhag 2016). On the other hand, use of agrochemicals has also been 
increasing in the past two decades (from 17360 in 2001–02 to 27375 
thousand tonnes in 2018–19) (GoI MAFW, 2020). Excessive use of fer
tilizers besides leading to loss of soil quality can increase toxin 

Table 1 (continued ) 

Country Focus Conclusions Reference 

dominant cause for 
supply disruptions 

Tehran Relationship 
between socio- 
economic 
factors, food 
security and 
dietary diversity 
before and 
during 
pandemic 

Food security within 
the sample 
population improved 
in the initial stages of 
the outbreak while 
the consumption of 
warm beverages and 
legumes increased 

Pakravan-Charvadeh 
et al. (2021) 

Singapore Challenges faced 
by Small Island 
States in 
ensuring food 
supply during 
pandemic 
induced supply 
disruptions 

Increase in GDP per 
capita strongly 
favours food security. 
Besides, food 
diversity ensures 
security during crisis 
by allowing food 
imports from various 
geographical sources 

Teng (2020) 

Arab Gulf 
countries 

Ascertaining 
challenges 
affecting food 
accessibility 
further 
worsened by the 
pandemic 

Nutritional security 
and ensuring food 
availability for 
migrant workers and 
other vulnerable 
sections are major 
priority concerns. 
Modern production 
technologies can 
enhance food security 
at sustainable rates 

Woertz (2020)  

Table 2a 
Food availability and storage statistics for India.  

Food Availability and Storage 

All India production of food grains (cereals and pulses), 
2019-20 

296.65 million tonnes 

2020-21(for Kharif season only) 144.52 million tonnes 
All India procurement for cereals (rice, wheat and coarse 

grains), 2019-20 
865.52 lakh tonnes 

2020–21 611.15 lakh tonnes 
Per capita net availability of food grains (per annum) 2019 

(P) 
(kilograms per year)  

• Rice 69.1  
• Wheat 65.2  
• Pulses 17.5 
Per capita net availability of food grains (per day) 2019(P) (grams per day)  
• Rice 189.3  
• Wheat 178.6  
• Pulses 47.9 
Stock of Rice and Wheat (FCI and State Agencies), 2020 512.94 lakh tonnes 
Allocation of food grains (Rice and Wheat), 2019-20 659.57 lakh tonnes 
2020–21 452.39 lakh tonnes 
Offtake of food grains (Rice and Wheat), 2019-20 621.90 lakh tonnes 
2020–21 389.21 lakh tonnes 
All India Storage capacity (FCI and State Agencies), 

October 2020 
802.70 lakh metric 
tonnes 

All India cold storage capacity (March 2018) 36229675 metric 
tonnes 

P = Provisional; FCI = Food Corporation of India (nodal agency for procurement 
and storage of food grains), 1 lakh = 100,000; 10 lakh = 1 million. 
Sources (GoI MAFW, 2020; NFSA 2020a). 
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concentration in ground water as well as inflate overall food production 
costs (Tilman et al., 2002). Therefore, innovative farming practices 
based on ecological agriculture is essential for ensuring food security 
and ecological stability (Priyadarshini and Abhilash 2020). Simulta
neously, incentives, policy regulations and government measures that 
focus on biodiversity and ecosystems is also required (McElwee et al., 
2020). 

3.2. Institutional reforms introduced for ensuring resilience of food 
systems 

The Central Government in order to mitigate the challenges affecting 

economic resurgence in wake of the pandemic has undertaken a 
tremendous initiative of recognising local initiatives and boosting self- 
reliance across sectors (Table 3) through the ‘Atmanirbhar Bharat’ 
(Self-reliant or Self-sufficient India) movement with an economic 
package of 20 lakh crore (INR) being allocated to it (PIB, 2020g). The 
third tranche of this package has been dedicated exclusively towards 
agricultural reforms and maintenance of food security. The breakup of 
reforms depicted in Fig. 4 display that the policymakers have made at
tempts in addressing various food security associated concerns. As a 
primary measure, free grain (wheat and rice) distribution was under
taken for eight months under the Pradhan Mantri Garib Kalyan Anna 
Yojana (PMGKAY) through which 321.06 lakh tonnes of grain was 
allocated towards 81 crore beneficiaries covered under the NFSA (NFSA 
2020a; PIB, 2020m). 

As evident from Fig. 4 food management in India is a three-pronged 
process involving food procurement from producers, distribution to 
vulnerable sections and maintenance of buffer stocks for ensuring se
curity (Economic Survey 2020b). The DFPD under the Ministry of 
Consumer Affairs, Food and Public Distribution is the nodal agency 
responsible for regulating the entire food supply chain (DFPD 2020). 
Primarily, food is provided at subsidized rates to the populace falling in 
the BPL (Below Poverty Line) category via the Public Distribution Sys
tem (PDS) (George and McKay, 2019) while the rest purchase food-items 
and groceries from various retail outlets and super-markets as depicted 
in the lower panel of Fig. 4. This involves direct procurement from 
farmers by the national and state governments takes place at MSP 
(minimum price guaranteed for an agricultural commodity irrespective 
of existing stock, excess production or fall in market price) followed by 
food distribution to the beneficiaries (75% rural and 50% urban popu
lation) which are covered under the NFSA, while packaged food via 
FMCGs and other retail stores provides access to the other consumers 
(DFPD 2020; George and McKay, 2019). 

. 
Reforms and amendments aside several other measures also hold the 

potential of boosting food security. An example of this the Mega Food 

Fig. 1. Stock of food grains in central pool (2017–2020) (NFSA 2020a).  

Table 2b 
Food processing and wastage statistics for India.  

Food Processing and Wastage 

GVA by food processing industries (2018–2019) 2.08 Lakh Crore 
GVA in agriculture per worker (2019–2020) Rs 74044 
India’s food export to the world (2018–2019) US$ 35303.19 

million 
India’s food import from the world (2018–2019) US$ 19319.04 

million 
Percent loss (wastage) of major agriculture produce (2015)  
• Cereals 4.65–5.99  
• Pulses 6.36–8.41  
• Fruits and Vegetables 4.58–15.88  
• Oil seeds 3.08–9.96  
• Milk 0.92 
Registered Food Processing Industries (2016–2017) 39740 
People employed in registered food processing sector 

(2017–18) 
19.33 Lakhs 

People employed in un-registered food processing sector 
(2015–16) 

51.11 Lakhs 

GVA = economic value of goods and services produced by a sector contributing 
towards national economy. 
1 Crore INR = 10 million INR. 
Sources: (GoI MOFPI, 2020; GoI MOSPI, 2020). 

Fig. 2. Movement of food grains (rice, wheat and total) by road and rail in 2020 (NFSA 2020a; 2020b).  
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Park Scheme (MFPS) implemented by the MOFPI which through a 
cluster based approach aims at boosting infrastructure facilities with 
respect to farm, transportation, logistics and centralized processing in 
order to reduce wastage and increase processing of perishable com
modities (GoI MOFPI, 2012). Presently 22 MFP projects are operational 
(www.mofpi.nic.in). Besides, separate funds have also been allocated 
towards animal husbandry, fisheries, herbal cultivation and bee keeping 
initiatives all of which would improve the resilience of food systems 
(PIB, 2020j). On the other hand, strengthening of the Integrated Cold 
Chain Network for storing of perishables and processing of harvest into 
value added products (PIB 2020d) as well as provision of increased in
terest subvention to dairy co-operatives for the year 2020–21 has also 
been undertaken since the demand of milk reduced during pandemic 
induced lockdown (PIB, 2020j). Simultaneously, providing due 

recognition towards maintenance of ecological sustainability for food 
security is the research and development sector of the country. A 
prominent example of this is the Department of Biotechnology (DBT) 
initiated programme on Marine, Microbial Resource, Secondary Agri
culture and Food Processing which supports research projects related to 
bioresources (identification, characterization, conservation, utilization), 
sustainable bio-economy and value addition of useful bioresources 
(www.dbtindia.gov.in). Biotechnological advances are also being used 
for improvement in crop and nutritional quality for overcoming envi
ronmental stresses, development of climate and pest resilient varieties as 
well as for production of ethanol from agricultural residues (DBT 2021). 

3.3. Recommendations for enhancing agri-food systems resilience 

Results from the previous objectives reinstate that certain trans
formations in the supply chain architecture can ensure long term sus
tainability and build resilience of the agri-food sector (Sperling et al., 
2020) against future outbreak of emerging infectious diseases (EID) 
similar to the present pandemic and yield additional benefits in the form 
of environmental preservation and public health protection (Marco 
et al., 2020). Social protection programs are critical to mitigate 
COVID-19 crisis and support vulnerable populations (Hidrobo et al., 
2020). In addition to the PMGKAY, the state of Kerala initiated distri
bution of pre-prepared food kits via the TPDS through the Fair Price 
Shops (FPS). The food kits contain fixed quantities of 17 items such as 
flour, sugar, tea among others (Pothan 2020). The kits help in the dis
tribution of equal amounts of essential food items to every poor 
household, prevent hoarding of goods and also limit crowding at the 
FPS. Another measure included establishing community kitchens for 
serving cooked food to the migrant labours and health-line workers 
(IPES-Food 2020; Pothan 2020). Uttar Pradesh even came up with the 
innovation of geo-tagging community kitchens for improved monitoring 
(PTI 2020). Additionally, student volunteers and non-government or
ganisations could be tapped while private organisations could also be 
motivated by recognising ‘community kitchens’ under CSR (corporate 
social responsibility) activities during the pandemic. 

As evident from Figure (5), ensuring resilience within present food 
systems against EID requires transformations at every stage of the supply 
chain as through adoption of long-term adaption and mitigation mea
sures similar to the strategy used for dealing with climate change related 

Table 2c 
Food consumption in India.  

Food Consumption Rural Urban 

Nutritional Intake of India (2011–12)  
• Average dietary energy intake (Kcal/person/day) 2233 2206  
• Average protein intake (gm/person/day) 60.7 60.3  
• Average fat intake (gm/person/day) 46 58 
Pattern of Consumer Expenditure (2011–12) in rupees  
• Monthly per capita expenditure on food items 756 1121  
• Monthly per capita expenditure on non-food items 673 1509 
Trends in percentage composition of Consumer Expenditure (2011–12)  
• Cereal 12.0 7.3  
• Pulses and products 3.1 2.1  
• Milk Products 9.1 7.8  
• Edible oil 3.8 2.7  
• Vegetables 4.8 3.4  
• Fruits and nuts 1.9 2.3  
• Sugar 1.8 1.2 
Per capita consumption of different commodities (2011–12) per annum  
• Rice and its Products (kg) 74.62 56.73  
• Wheat and its Products (kg) 53.85 52.57  
• Pulses and its Products (kg) 9.53 10.96  
• Vegetables (kg) 52.71 52.61  
• Milk (litre) 52.72 65.97 
Beneficiaries covered under the Food Security Act (2018–19) 97.62% 
Beneficiaries under Integrated Child Development Scheme 

(2018–2019) 
87560671 

Sources: (GoI MOSPI, 2020; GoI NSSO, 2014a). 

Fig. 3. An indicative list of ecological challenges affecting agriculture in India.  
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issues as opposed to only post outbreak measures (Allen et al., 2017; 
Pike et al., 2014). 

A shift towards agrarian sustainability through promotion of plant 
agrobiodiversity and crop diversification strategies can enhance food 
security as well as enhance financial security of farmers (Leyva and Iores 
2018; Waha et al., 2018; Dubey et al., 2019). Presently, most farmers 
prefer paddy and wheat cultivation since these crops fetch an assured 
price (MSP). Even though MSP exists for other crops (jowar, bajra, 
maize, sunflower, soyabean and several pulses) it is the former two 
which are procured in the maximum quantities by the government and 
are therefore capable of yielding maximum benefits to farmers (DFPD 
2020). Furthermore, coverage of rice farmers under the procurement 
process is not uniform as Punjab (95%) and Haryana (70%) account for 

Table 3 
Institutional reforms undertaken by the Government for ensuring Food and 
Agriculture sector stability.  

Scheme/Reform/Relief Packages Salient Features 

Pradhan Mantri Garib Kalyan Yojana 
(Prime Minister’s Poor Welfare 
Scheme)  

♣ Free food distribution to the 
economically deprived sections through 
PMGKAY  

♣ Early payment of the first instalment of 
the PM-KISAN scheme targeting small 
and marginal farmers with 8.94 crore 
beneficiaries  

♣ Cash transfers (500 per month) to 
women account holders under the 
Pradhan Mantri Jan Dhan Yojana in 
three instalments with 20.62 crore 
beneficiaries  

♣ Free cylinders delivered to beneficiaries 
under the Prime Minister’s Lighting 
Scheme for the months of April, May 
and June 

The Essential Commodities 
(Amendment) Act, 2020  

♣ Modification of the Essential 
Commodities Act, 1955 allowing the 
deregulation of food items like cereals, 
pulses, onion, potato, oilseeds and oils 
except under extraordinary 
circumstances (war, famine, natural 
calamity or price rise) during which the 
Central Government can impose stock 
limits on agricultural produce.  

♣ The amendment targets increasing 
agriculture sector competitiveness, 
private sector interest in agriculture, 
boosting farmer income and protection 
of consumer interests 

The Farming Produce Trade and 
Commerce (Promotion and 
Facilitation) Act, 2020  

♣ Ordinance allows inter and intra state 
trade of farmers’ produce in a trade 
area outside the physical boundaries of 
market yards run by State APMC Acts 
and other private yards notified as 
markets under the State APMC Act.  

♣ Ordinance also permits electronic 
trading of agricultural produce through 
companies or registered societies 
notified by the Central Government and 
by FPOs or agricultural cooperative 
societies.  

♣ Prohibition of State Governments from 
charging market cess or fees from 
farmers or other entities engaged in 
online trade under the ordinance.  

♣ Person/entity engaged in trading with 
farmer required to make payments on 
the same day or within three working 
days 

The Farmers (Empowerment and 
Protection) Agreement on Price 
Assurance and Farm Services Act, 
2020  

♣ Ordinance provides a framework for a 
written farming agreement for any type 
of farming produce between a farmer 
and a sponsor.  

♣ The agreement may contain conditions 
related to supply, quality and price of 
farm produce with the minimum period 
for the agreement being one crop cycle 
and maximum being five years.  

♣ Overall purpose is to empower farmers 
to engage with agriculture firms, 
wholesalers and large retailers for farm 
services and produce in a fair and 
transparent manner 

Scheme for Formalisation of Micro 
food processing Enterprises (FME)  

♣ To enhance the transition of micro 
enterprises into the formal sector and 
support FPOs, SHGs and cooperatives in 
delivery, infrastructure, marketing 
among others  

♣ Specific objectives include increasing 
access to finance and revenue to target 
enterprises, enhanced compliance with 
food standards, increasing focus on  

Table 3 (continued ) 

Scheme/Reform/Relief Packages Salient Features 

women entrepreneurs, promoting waste 
management initiatives and focusing on 
minor forest produce in tribal districts  

♣ Centrally Sponsored (10,000) scheme 
to be implemented over 5 years and 
aims to cover 2 lakh existing enterprises 

Central sector scheme for Agriculture 
Infrastructure Fund  

♣ 100000 crore financing facility to FPOs. 
SHGs, PACS, agri-entrepreneurs, agri
culture-based start-ups among others  

♣ Provision of interest subvention on 
loans to a maximum limit of two crore 
at the rate of 3% per annum available 
for a maximum period of seven years  

♣ Credit guarantee coverage available to 
Small and Medium Enterprises and 
FPOs  

♣ Scheme expected to increase credit flow 
in farm processing activities as well as 
ensure sustainability of rural family- 
based enterprises 

Operation Greens  ♣ Promotes integrated development of 
Tomato, Onion, Potato (TOP) value 
chains by strategizing price 
stabilization measures for producers 
and consumers, reducing post-harvest 
losses, increasing food processing 
infrastructure and improving agri- 
logistics related to TOP value chains  

♣ NAFED is the nodal agency responsible 
for implementing price stabilization 
measures while Project Implementing 
Agency (PIA) such as FPOs, SHGs, 
Marketing Federations, supply chain 
operators etc are eligible for fund 
assistance under Integrated Value 
Chain Development Projects (a long 
term strategy under the Scheme)  

♣ The Scheme was extended to include all 
fruits and vegetables (TOP to TOTAL) 
from June 2020 for a period of six 
months in order to protect horticulture 
producers during lockdown and prevent 
losses (https://mofpi.nic.in/) 

eNAM  ♣ National level online market platform 
for integration of APMCs across the 
country thereby ensuring transparency, 
correct information dissemination, 
barrier-free trading across states as well 
as availability of quality produce to 
consumers  

♣ Presently integrates 1000 Markets from 
18 States and 3 Union Territories and 
helps in improving influx of digital 
technology within agriculture (https 
://enam.gov.in/web/) 

FPOs- Farmer Producer Organisation; NAFED- National Agricultural Coopera
tive Marketing Federation of India, PACS- Primary Agricultural Credit Societies; 
SHGs- Self Help Groups Source: Gazette of India 2020a; b; c; GoI MOFPI 2021; 
PIB 2020f; h; j; k; l) 
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maximum coverage while states like Uttar Pradesh (3.6%) and Bihar 
(1.7%) with maximum proportion of marginal farmers account for least 
(CACP 2020). Several assessments have also concluded that agricultural 
markets in India are disorganised, less accessible to smallholder framers 
and offer limited trading opportunities for High Value Crops including 
fruits and vegetables thereby hindering economically vulnerable 
farmers from cultivating them (Meenakshi and Banerji 2005; Negi et al., 
2018; Birthal et al. 2019, 2020). Birthal and Hazrana (2019) further 
concluded that adoption of diversification strategies favours resilience 
of agricultural systems from climatic shocks. Therefore, regularization 
and universalisation of input subsidies and loan waivers based on eco
nomic state and regional concerns of farmers as well as direct income 
support for diversification of farming systems might encourage more 
farmers to adopt such practices (NAAS 2019b). Successful imple
mentation of crop diversification strategies based on soil characteristics 
and agro-climatic requirements as depicted in Fig. 6 could also help 
relieve buffer cereal stocks along-with alleviation of environmental 
concerns such as depleting water reservoirs and soil nutrients (Bains 
2020; NAAS 2020) Similarly, syncing farm diversification with explo
ration and cultivation of underutilized wild crops can also cater towards 
nutritional security and climate resilient agriculture (Singh et al., 2019). 
Two other major avenues which can be tapped for attainment of food 
security and sovereignty along-with agro-ecological conservation is In
dia’s immense biocultural diversity and traditional knowledge systems 
(Loh and Harmon, 2005; Bridgewater and Rotherham 2019; Priyadar
shini and Abhilash 2019; Resler and Hagolani-Albov 2021). Fostering 
nexus development between cultural practices of communities, 

traditional knowledge related to agricultural systems and crop cultiva
tion can progressively shield the nation from disruptions related to food 
access and distribution. 

Another concept integrating the dual targets of environmental sus
tainability and ensuring nutritious diets at the production stage of the 
agri-food systems is the Farm-Systems-for-Nutrition (FSN) approach 
since it aims at identifying the prevailing nutrition deficiencies in the 
location where the farming system is being situated and then over
coming them through cultivation of targeted crop varieties and farming 
practices (Bhavani and Gopinath 2020). This approach is important in 
building resilience as it promotes local crop varieties, decentralisation of 
food value chains and community capacity-building all of which are the 
working tenets of the ‘Atmanirbhar Bharat Scheme’. Integrating other 
sustainable agricultural practices like mulching, intercropping, organic 
farming, mixed farming, crop rotation etc with the FSN approach would 
not only help alleviate food insecurity but also reduce agricultural 
emissions (Wollenberg et al., 2016). 

Simultaneously, emerging practices relevant to the field of ecological 
and environmental sustainability include the concepts of urban and peri- 
urban agriculture, urban farming and urban gardening all of which 
involve production of food on urban lands using diverse methods and 
bears major positive implications on varied aspects linked to urban 
sustainability such as food security, biodiversity and job creation (Bor
ysiak et al., 2017; Caputo et al., 2021; Warren et al., 2015). Langemeyer 
et al., (2021) while acknowledging the neglect urban agriculture (UA) is 
presently facing owing to more lucrative market avenues in the urban 
sector such as housing and transport also ascertain the critical role UA 

Fig. 4. Schematic representation of the major thrust areas related to food systems that need to be addressed in wake of COVID-19 pandemic and the introduced 
institutional reforms against them with the Violet Arrows indicating the stages of the food supply chain the measures are likely to impact. 
*APMC- Agricultural Produce Market Committee (market yards managed by State Governments for buying farmer produce); Ministry of AYUSH- Ministry of Ay
urveda, Yoga and Naturopathy, Unani, Siddha and Homeopathy; DCP- Decentralised Procurement, eNAM- National Agriculture Market; BPL- Below Poverty Line; 
FMCG- Fast-moving Consumer Goods; MSP- Minimum Support Price, ONORC- One Nation One Ration Card OWS- Other Welfare Schemes, SOP- Standard Operating 
Procedure; TPDS- Targeted Public Distribution System (system of food distribution in India among the economically weaker 
sections of society to enhance their food security). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of 
this article.) 
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can play in building urban resilience by ensuring food supply for sus
tenance of local communities when external supply chains are disrupted 
such as during the pandemic induced lockdown. Furthermore, UA and 
urban gardens also have the potential to enhance food and nutrition 
literacy by better connecting urban consumers with food production 
processes thereby fostering behavioural changes towards sustainable 
and low carbon footprint food choices (Mitchell et al., 2019; Petrovic 
et al., 2019; Puigdueta et al., 2021). Likewise, crop cultivation on 
polluted or degraded lands is another approach that can aid several 
sustainability targets related to biofortification, land resource conser
vation and restoration and also address the dual challenges of food 
insecurity and scarcity of arable lands (Abhilash et al., 2016). Several 
field based trials have been undertaken for various crops such as Maize 
(Meers et al., 2010), Rice (Yu et al., 2014); Bitter gourd (Ismail et al., 
2014) and Onion (Stasinos and Zabetakis 2013) demonstrating their 
growth in contaminated lands along-with the accumulation of various 
pollutants in their edible parts. 

Lack of proper cold chain network which helps in interim storage of 
fruits and vegetables during the course of distribution can be a major 
cause for food wastage and impact resilience of the horticulture sector 
(Balaji and Arshinder 2016; Raut et al., 2019). Unfortunately, in India 
around 18% horticultural losses are incurred annually owing to limited 
post-harvest storage infrastructure leading to supply-demand gaps and 
malnutrition (GoI MOFPI, 2020; Sivaraman 2016). The government has 
formulated the Agriculture Infrastructure Fund to ameliorate the 
financial constraints associated with post-harvest infrastructure (PIB, 
2020l). However, complimenting this measure with establishment of 
decentralised cold storage units operating on either solar or biomass 
energy within rural districts and villages thoroughly deprived of storage 

facilities (southern and north eastern states) would further reduce food 
losses, generate employment at the local scale, regulate price volatility 
and tremendously benefit small-scale farmers (Mishra et al., 2020; 
Sivaraman 2016). On the other hand, encouraging investments and 
awareness about electricity independent storage options such as evap
orative coolers (maintain high relative humidity and lower temperatures 
as compared to field conditions) can also solve the problem of horti
cultural losses and storage (HLPE 2014). 

The pandemic has also witnessed a change in consumption patterns 
and consumer behaviour with rise in purchase of packaged foods and 
grocery supplies owing to the ‘stay-at-home’ mandate (Cariappa et al., 
2020; Loxton et al., 2020; Workie et al., 2020). Therefore, efforts can be 
undertaken by the state administration to prepare an inventory of 
existing neighbourhood retail shops (Kirana stores) at the district, 
sub-district and block levels. States could also outsource this activity to 
private organisations. B2B (business to business) and e-commerce 
companies could then be targeted for ensuring continued maintenance 
of supplies within these retail stores during the lockdown (Gavin et al., 
2020; Mishra and Chanchani 2020; NAAS 2020). Since Kirana stores in 
India are numerous in number and well distributed within residential 
communities keeping them well stocked might lead to limited commu
tation by people for procurement of essential foods which is a major 
parameter to contain spread of the virus (Sarkar et al., 2020b). 

Nutritional security is a critical component of ensuring food security 
with the National Nutrition Mission (POSHAN Abhiyaan) of the Gov
ernment targeting attainment of the same among children and women 
through inter-sectoral collaborations and appropriate use of technology 
(www.poshanabhiyaan.gov.in). Additionally, efforts targeting dietary 
supplementation with elements such as vitamin C and zinc, medicinal 

Fig. 5. Schematic representation of proposed recommendations for strengthening agri-food systems along-with SDG targets (NITI Aayog, 2016) likely to benefit from 
their successful implementation. 
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herbs, legumes and other bioactive ingredients with documented effect 
on enhancing immunity (Galanakis 2020; Pakravan-Charvadeh et al., 
2021) could shield masses from micro-nutrient deficiencies and foster 
transition towards robust food distribution and public health systems 
(HLPE 2017). This could involve distribution of pre-made or ready to use 
packets of therapeutic foods among the impoverished sections of the 
society through existing schemes such as the NFSA and the ICDS (United 
Nations 2020). Olaimat et al., (2020) have also presented clinical evi
dences of probiotics boosting immunity by reducing severity of respi
ratory tract infections. Besides, the Ministry of AYUSH has already 

recommended several alternate systems (Ayurveda, Siddha, Unani and 
Homeopathy) based approaches for the preventive, prophylactic and 
symptom management of COVID-19 like illnesses, the popularization of 
which could be useful in boosting immunity against various respiratory 
ailments in general (GoI AYUSH, 2020). 

On the other hand, compromised hygiene and close contact between 
humans and animals in wet markets has been recognized as a major 
factor behind zoonotic transmissions (WWF 2020). While the Health 
Ministry of India has issued protocols for restaurants in order to ensure 
safety during food consumption (GoI MoHFW, 2020), a gradual but 

Fig. 6. Existing as well as proposed crop diversification patterns for various agro-ecological regions of the India. Crop diversification is not only essential for ensuring 
food security by dietary diversification, but also imperative for conferring resilience and agroecosystem stability while enhancing farmer’s income. Since India is one 
of the Vavilovian centres of crop diversity, climate resilient, nutritionally rich, and wild edibles must be utilized for crop diversification for a planet healthy diet. 
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steady shift towards Planetary Healthy Diets (increasing consumption of 
fruits, vegetables, nuts and legumes as opposed to red meat and sugar) 
could significantly reduce the future risk of virus transmissions and 
ensure sustainability (EAT 2019). Dietary diversification through 
increasing consumption of fruits, vegetables, legumes and underutilized 
crops within diets would lead to the dual benefits of health improvement 
and environment conservation (Berners-Lee et al., 2018; Singh et al., 
2018; Zhang et al., 2018). An ideal healthy plate comprises of 50% fruits 
and vegetables with the other half comprising of plant protein sources 
and oils as well as moderate amounts of animal proteins (EAT 2019). 
Existing trends favouring progress towards Planetary Healthy Diets 
include shifting consumption preferences in India towards fruits, vege
tables and pulses subject to rising urbanisation (Goyal et al., 2017) and 
increase in affordability of vegetarian plate by 29% from 2006 to 07 to 
2018–19 (Economic Survey, 2020a). Furethermore, utilizing available 
emerging UA and micro-agriculture models (vertical hydroponic 
farming, rooftop agriculture, office and school gardens) (Herve՜;-Gruyer 
2019; Gentry 2019; Lawson 2016) for cultivation of fruits, leafy vege
tables, legumes and traditional crop varieties can serve multiple benefits 
such as boosting food and nutritional security, promoting judicious land 
use, reducing ecological footprint of urban settlements and stress on 
agroecosystems as well as diminishing reliance on food distribution 
chains by localizing production systems (Dubey et al., 2021). Such 
innovative measures would not only lead to the propagation of Plane
tary Healthy Diets but also better shield communities from supply chain 
related disruptions which was a major concern during the present 
pandemic. 

Lastly, initiation of a targeted approach for the influx of digital in
novations and technologies within farm and food systems is significant 
for better linking producers and intermediaries with consumers and 
fostering long term resilience and sustainability (HLPE 2020; NAAS 
2017; Nielsen 2020). Integration of digital (Blockchain, Internet of 
Things, Artificial Intelligence among others) and geospatial technologies 
could lead to improved data synthesis regarding soil and environmental 
resources at the farm scale which could in turn lead to efficient crop and 
fertilizer management (Basso and Antle 2020; FAO 2019b). Meanwhile, 
since agriculture in India primarily involves a rural workforce, 
increasing digital literacy and skill-set combined with enhancing digital 
infrastructure are pre-requisites for the digital transformation of 
agri-food systems (Boettiger and Sanghvi 2019; FAO 2019b). Education 
can especially benefit women farmers by edifying them about useful 
agricultural practices, their rights and value of nutritious crops in 
household food security (HLPE 2017; Savari et al., 2020). 

4. Conclusion 

Provision of nutritious and sufficient food to all during times when 
most of the financial resources of the country are directed towards 
strengthening health-care facilities for tackling the pandemic is a major 
challenge. The challenges mainly arise owing to the existing prevalence 
of undernourishment, lockdown induced movement restrictions and 
labour shortage along-with losses during transit and storage. Addressing 
these concerns requires effective policy formulation and its robust 
implementation by the national government as well as addressing state 
specific concerns in the agri-food sector. Furthermore, encouraging shift 
towards nutritious and eco-friendly diets and encouraging intercon
nectedness between various stakeholders of the supply chain will pro
mote future sustainability of food systems. 
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