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Impact of COVID-19 pandemic on vegetable sector and its allies
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The novel coronavirus 2019 (COVID-19), has created an unanticipated pandemic, that has triggered severe panic among
individuals worldwide. In this direction, countries are maximizing their efforts to fight the virus and reduce infection.
Vegetables due to the presence of several bioactive compounds could help build and maintain immunity against
degenerative diseases and COVID-19. Therefore, sustainable vegetable supply is needed continuously. For this to happen
placidly vegetable producer and vegetable sector allies must work in close cooperation with each other. This document deals
with the impact of COVID-19 pandemic on vegetable sector and its allies.
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Vegetable consumption is crucial for health and well-
being. An intake of under 200 g of vegetables per
person per day in most places today is recommended
by the World Health Organization (WHO)"2. But it is
hard to cope-up with the daily requirement due to
several biotic and abiotic factors targeting successful
vegetable production. With the global pandemic
affecting human lives, the daily vegetable requirement
per person per day is challenging to maintain even in
the developed world®*. Although opportunities are
available for even the most poor to enhance the access
to vegetables®. Vegetable consumption is beneficial
for human health, and the easy and constant
availability vegetables will be a boom for the humans
in the pandemic times. However, only vegetables
cannot fulfill all the requirements of a balanced diet.
So whole grains, millets, dairy products, juices, fruits,
eggs, etc. are also equally important and must be
added in our daily meals. These product literary
declines heart, digestive, and respiratory problems®.
Countries have turned down the economy to
impede the spread of the coronavirus. In order to stay
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away from food shortages, countries must keep food
supply chains going’. The sources of vegetable
produce are operating nicely and restricting trade isn't
needed, as it will harm consumers and producers and
also generate anxiety in the marketplaces®. For
ensuring optimum vegetable supply, countries need to
strike a balance between the requirements to continue
production along with the necessary steps related to
the protection of the farmers®. Overall, as countries
fight the coronavirus pandemic, they should also
make every attempt to help keep the gears of the
vegetable supply chains moving™. Fresh vegetable
produce is accumulating at farms, and this is causing
food loss. Also, the labourers as migrant seasonal
employees are not able to go and help at the farms.
The measures are urgently needed as initially; they
must provide collection centers nearer to smallholder
farmers to decrease the demand for mobility***?
whereas, the extensive collection centers must have
a higher capacity to avoid losses of fresh produce.
A variety of nations are introducing stimulus
packages that lack specific rewards for smallholder
farmers™. Vegetable growers require cash handouts as
well as it will sustain productivity. Banks must wave
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costs on farmers' loans and also extend due payment
dates. A proper supply chain to link smallholder
farmers to market segments is required*. Moreover,
governments must meet up with the standard power
requirements of rural households and smallholder
farmers. Countries must set measures available to
guarantee the security of farm employees™. On-site
healthcare professionals can make sure employees
aren't sick from the COVID-19. If likely, employees
must be examined for the coronavirus. At-home
coronavirus exams may make this much more
manageable. Vegetable shops must reduce the
working hours, rotate employees, and double down on
the delivery services. Warehouses and processing
plants must allow their employees to maintain
interpersonal distancing’®. Also, the health experts
must take temperatures of staff and ensure they are
wearing masks, gloves along with other safety gears®’.
Whereas, the importance of logistics parts of the
supply chain should be correctly analyzed and further
given specific permits to progress commodities*®*.

In a nutshell, the COVID 19 crisis is a chance to
determine the bottlenecks and also target them. For
vegetables, careful cleaning with water is adequate to
eliminate every trace of the COVID. It's ideal for
peeling vegetables. Lastly, since the coronavirus is
hypersensitive to heat up, the most effective way to
cook vegetables: exposure to the high heat of 63°C for
4 minutes will lessen the virus's affects. Research is
additionally urgently required to show the wayss to
deal with the probable increases in global pandemics
like COVID-19%. Ongoing pandemic might lead to
even more stressed vegetables and overall less
vegetable production. This manuscript details the
importance of vegetables, and the effects to different
divisions as a result of pandemic COVID-19
difficulties which should remain to be able to attain
food and health protection for everyone.

Vegetable consumption and COVID-19 prevention

While the world is still waiting for a coronavirus
cure, eating nutritious food, exercising, and
controlling anxiety can lead to the enhancement of
immunity. As we come to know that old-age people,
people with poor diet, smoking and those who are
suffering from respiratory diseases, high blood
pressure problems and diabetes are more prone to
COVID-19. Besides, we have changed our lifestyle
entirely for the next year to maintain the immune
power. Healthy food is highly recommended and at
the proper time. However, there is no specific food or
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any supplement which can prevent coronavirus. Still,
there are many vegetables and fruits which improve
immunity and even promote weight loss?. They
check the blood sugar level and lower the risk of
heart, eye and digestive problems. Vegetables simply
mean edible plants or plant parts, whether raw or
cooked, cultivated and collected for human
consumption for their nutritive value®®. These
vegetables optimize our health which must be at the
forefront. Vitamin A and C are the most important for
immune function®?*. Many of these vegetables can be
eaten as raw, but it is advised to use them by washing
or boiling them at 70°C, only then the Coronavirus
infection can be eradicated because coronavirus does
not disable in refrigerators even in subzero
temperature®. Maintaining optimal health is the best
defenses against any pandemic until an appropriate
cure is accessible. Many studies showed that a healthy
nourished body is less likely to develop physical
injury and mental problems®.

Simply, the Mediterranean diet type should be
followed, which is primarily based on plant products
that can be helpful for cardiovascular disease
management up to 30%"" . Cole crops are a good
source of vitamin C and help in fighting oxidative
stress. These vegetables also help in infection or
chronic inflammation. Onion and garlic are the
herbaceous plants and the essential ingredients of
Indian food. They both have vegetables flavoring,
spice and medicinal properties. They both are used
as a raw and cooked form because of their anti-
microbial, hepato-protective, anti-thrombotic, anti-
hypertensive, hypoglycemic, anti-inflammatory, anti-
carcinogenic, anti-diabetic and cardio-protective
effects as well as an antioxidant, due to presence of
saponins, steroid, and flavonoids®. Similarly, ginger
is also a herbaceous plant used for flavoring food and
used as medicine. It is usually used in flavoring tea
and very useful for throat problems, especially during
cold. It is also used for treating respiratory and
cardiovascular issues, anti-microbial, anti-ulcerogenic,
antiparasitic, food preservative, cancer, bleeding
disorders, and most crucially act as immunomodulators
because of lots of antioxidants present®*°,

Lettuce, cabbage, spinach, and other green leafy
vegetables are highly active against oxidative stress
and a rich source of vitamin E and B6 (Pyridoxine).
The leafy vegetables are very efficient for the body
because they inhibit destabilizing processes, plus they
have anti-microbial properties®. Red bell pepper,
spinach, carrots, and sweet potatoes help in regulating
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the immune system by enhancing vitamin A
level??*03233  Although all types of vegetables are
having some important benefits for the human body
this is the list of most used products in our daily life,
and the easy availability of these vegetables proved
them to be a superfood®. However, only vegetables
cannot fulfill all the requirements of a balanced diet.
So whole grains, millets, dairy products, juices, fruits,
eggs, etc. are also equally important and must be
added in our daily meals. These products literary
decline heart, digestive and respiratory problems.

Vegetable market and COVID-19

In the present scenario, COVID-19 is the most
devastating and pandemic for the whole world and the
ongoing health crisis due to COVID-19 has affected
the world economy and all walks of life*. People
living in rural areas depend on agriculture for their
livelihood. Agriculture is the base of all the industries
and it also has a significant contribution to its allied
sector. Government of India now focuses on nutrition
security and raising farmers' income. India is the
world's largest producer of many fruits and vegetables.
The potential negative impacts of coronavirus on
agricultural production, market stability, and food
supply have been affected, but it is still challenging to
predict and quantify the exact damage accurately. The
impact of COVID-19 on vegetable markets has
restricted the supply chain in India during the end
month of March 2020%. Lockdown in the country
have led to the closure of hotels. During this period,
fresh produce supply from the local vegetable growers
remained robust.

Therefore, the onset of the COVID-19 outbreak did
not interrupt the demand for vegetables and the
supply for fresh vegetables continued from local
farmers to the markets. Shifting of vegetable
consumption from restaurants to home-based meals
has potentially significant implications for food waste.
In India, vegetable produce is more during the period
between March and May. However, this year, due to
the pandemic outbreak vegetable growers are
struggling to sell their products as the supply chain
has been restricted and fall in prices®. Mobile-based
applications are set in motion like National Agriculture
Market (e NAM) Platform released by Indian
government which seeks to enhance agriculture
marketing by decreasing the demand for growers and
to use the general market for marketing their
harvested produce; is an inviting action to decongest
markets®”. This can further revive farmer's curiosity in
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the Kharif season and thus food production won't be
influenced. Furthermore, the migration of employees
from several components to their native locations
has also caused panic buttons, as they're vital for
both harvesting activities as well as post-harvest
managing of creating in storage space as well as
advertising centers.

Vegetable production and COVID-19

COVID-19 an infectious disease caused by SARS-
CoV-2® and declared as pandemic on March 11,
2020, by WHO®. Till now, no vaccine has been made
for this disease, the scientists, doctors and leaders of
the nations are seeking knowledge and information
for the management of this pandemic®. Fresh fruits
and vegetables are an essential source of many
micronutrients, minerals, and vitamins for providing
several health benefits for human beings. Regular
intake of vegetables maintains good health as dietary
fibers in vegetables helps in lowering the blood
cholesterol and Vitamin A is good for eyes and skin™.
Vegetable demand is increasing in the market due to
increasing population and income from vegetable
production. Three to fourteen times more profit
was observed in vegetable production as compared
to rice production®’. Due to the short life cycle, and
fewer pieces of machinery are required, vegetable
production offers a profitable opportunity for the
youth for generating income sources®.

But, COVID-19 pandemic directly affects food
production and its supply as it breaks the connection
between farmers and consumers®. Under these
situations, farmers are compelled for long time
storage of their farm produce. But due to the
perishable nature of agriculture commodities such as
fruits and vegetables, long time storage reduces the
food quality and enhances the production cost®. Due
to the transport ban and fear of infection, the traders
have limited their movement to a rural area for the
purchase of vegetable commodities. Due to a lack of
purchaser, many farmers left their vegetable produce
in the field to rot. The supply of relevant material
such as quality seeds, fertilizers, fungicides required
for vegetable production is increasing. Similarly,
restaurants and hotels are closed due to lockdown,
which also affected the demand for fruits and
vegetables. Vegetable production is labor-intensive as
labor is required from sowing to agronomic practice,
irrigation, fertilizer and pesticide spray, harvesting.
Likewise, many post-harvest operations such as
cleaning, sorting, grading, packing and transport are
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dependent on laborers, were significantly affected
during this COVID-19 era®. Travel ban and gathering
of laborers at a particular location directly changed
the vegetable production. Urban vegetable production
is encouraged to maintain an optimum vegetable
supply under COVID-19 crisis (Fig. 1).

Vegetable processing and COVID 19

On-going of this unprecedented pandemic, several
developing and developing countries have imposed
temporary lockdown. Following social distancing
rules to combat this infectious disease processing
plants are operating understaffed®’. In this direction,
the vegetable processing plants are being operated
under their normal capacity. Although, among the
several agricultural commodities, vegetable and
horticulture produce are expected to face a more
substantial decline in trade prospects and revenues
that approximately tolls to a financial loss of
12-20%. So, it is evident that COVID-19 pandemic
is not just a public health issue but a food supply issue
as well although it was also determined that the
vegetable intake increased during this pandemic. On
the other side, the demand for processed food
like potatoes increased significantly during the
lockdown™. Processing and exporting companies rely
on contract farming to supply produce — in Kenya,
reports suggest that the use of contract farming
decreased by nearly 50% in March 2020*. Although
there is no food shortage, the absence of anyone
ingredient or packaging material can create hindrance
in proper supply®. Sustainable Development Goals

Economic Gain
Saving finance
Opportunities for jobs
More available revenue

Urban Gardening Gains
in Response to Covid- 19
Pandemic

Quality Environment
Eco-friendly system
Biodiversity enhancement
Congenial micro-environment

Fig. 1 — Urban production gains for vegetables in response to
theCOVID-19 pandemic.
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require the optimum utilization of all products by the
food systems and integrated activities at every stage
of the food chain®. The recapture of bioactive
compounds from food processing by-products and
their re-utilization in the food chain can do miracles in

food availability®**:.

In a nutshell, the COVID-19 pandemic had
significant consequences on food processors. The
business has seen a development in retail demand for
prepared foods, a decline in foodservice need for
prepared foods, a slowdown in foods processing
activities due to work and raw content inputs
shortages, along with a decrease in export and import
activity. The effects of this pandemic might count on
the kind of things and also the dimensions of the
processors. This might prove to be a crucial time for
the entrepreneurs of equally new and refined vegetable
firms to keep, attract and grow their customer base™.
The COVID-19 pandemic has had and will proceed
to have consequences on food processors. Moreover,
the initiatives, as well as investments processors
undertake to handle disruptions.

Vegetable seed industry and COVID-19

Worldwide ongoing lockdown due to the expansion
of COVID 19 affected the seed industry and negative
impact on supply and demand of seed might lead food
security at risk®. Most of the countries adopted
preventive measures like transit ban, business closure,
and home confinement to overcome the epidemic
situation. Such a crisis has been affecting the seed
supply chain, which majorly impacts on the shortage
of seed availability. It is estimated that global trade is
declined by 13% to 22% due to COVID 19%. This
epidemic situation has been creating a challenge for
farmers for the upcoming Kharif season seed requirement
for sowing. India itself needs approximately 250 lakh
quintals of seed in Kharif season for crop
production®. International seed trade is a critical
aspect to satisfy growing demand for agricultural
product across the globe. In 2018, Asia and the
Pacific's region exported seed for more than 4.1
billion dollars, accounting for around 14% of the
world seed trade. This trade meets the food nutrition
security and economic prosperity of the region. To
overcome this situation, official authorities have to act
quickly and need to establish a digital platform to
scale up and provide an online outlet for seed
availability. Such platforms can provide a solution to
the farmers.
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Fig. 2— An organizational strategy against COVID-19 pandemic to maintain an optimum supply of vegetables

Across the globe, different organizations and
government agencies are putting efforts into
delivering the necessary inputs to the farmers. Like,
Asia and Pacific Seed Association®® in collaboration
with the Department of Agriculture (DA) in Thailand
has recently announced that all imported seed trade
services will continue to be offered as previously and
that shipments of all agriculture inputs, including
seed, will not be affected®. In the Philippines, "Food
Lane" passes have been allocated to the producers,
manufacturers, and traders in the food and agriculture
sector by the DA to pass quarantine checks. Besides,
DA released a Memorandum Circular, pointing out
that all agricultural supply stores must be allowed to
operate under a skeletal workforce®®.

Seed Industry Association of Philippine has also
given its support by reaffirming to local government
units that agricultural supply shops are essential to
ensuring adequate food supply and should be allowed
to operate, as long as health and sanitation protocols
are in place®. While in India, seed manufacturing
companies requested the government to ensure the
transport of seed and agricultural farm inputs without
any interruption. The seed industry is trying to ensure
adequate production and on-time supply of seed for
coming Kharif season as Kharif crops occupy the
larger area (about 14 Mha) than the Rabi crops®.
Many reports showing the fear of food shortages were
an immediate concern across the globe and people
decide to start growing their vegetables. In this
concern, the global seed industry needs to build a
bigger net for the fulfillment of upcoming growing
demand. International Seed Federation has reported

that its representatives intend to work hard to ensure
the supplies without any interruption to farmers®.

Conclusion and future directions

The impact on vegetable breeding research is huge
as breeders, as well as product development staff, will
be restricted visiting the trials of theirs in the target
areas. Staff can only swap the information by phone,
email and web meeting instead. Make the seed business
recognized as an essential business in each nation, as
well as allow continuous activities under a lengthy
(maybe) battle against the pandemic. Although in the
developing countries, the vegetable breeders didn't
have the complete information about the coronavirus
and were against the lockdown. Although, the
majority felt the lockdown, with its apparent security
measures, was affirmative action. In the new farming
scenario, a strategic approach will be needed to
make productive processes more environmentally,
economically and social sustainability.

The lockdown aided them to strengthen family
relations, resulting in a cleaner planet and much better
efficiency at office activities that were being
performed from home. Furthermore, cooperation and
mutual understanding tend to be more required in the
market since seed industry environments call for cost
and time more than ever. This also affected farm
logistics, and frequent delays in transportation are
also noticed. This might result in a more significant
quality control workload and then delayed shipments
of goods (Fig. 2). Stay at home requests can
encourage individuals to get into or even to increase
home gardening. Though self-reliance is going to
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be crucial, local cooperation will additionally be
essential in assuring food along with vitamin security.
Establishment of green corridors for a smooth and
hustle free supply of vegetables and their production
inputs are required for a constant supply of vegetables.
The utilization of developments in engineering,
mechanization, Al, etc. is being contemplated.

Acknowledgments

The authors are thankful to the anonymous
reviewers for their careful reading of the manuscript
and providing insightful suggestions.

Funding: This research received no external funding.

Conflicts of Interest
The authors declare no conflict of interest.

Authors’ Contributions

PK conceived and designed the project. PK
supervised the study. VS, IS, PK, GS, HK, and AS
wrote the manuscript. PK corrected the final draft. All
authors read and approved the final manuscript.

References

1 Keatinge J D H, Yang R Y, Hughes J D A, et al., The
importance of vegetables in ensuring both food and
nutritional security in attainment of the Millennium
Development Goals, Food Secur, 3 (4) (2011) 491-501.

2  Perry C L, Bishop D B, Taylor G, et al., Changing fruit and
vegetable consumption among children: the 5-a-Day Power
Plus program in St. Paul, Minnesota, Am J Public Health, 838
(4) (1998) 603-609.

3 Graham R D, Welch R M, Saunders D A, et al., Nutritious
subsistence food systems, Advan Agron, 92 (2007) 1-74.

4  Gressel J, Hanafi A, Head G, et al., Major heretofore
intractable biotic constraints to African food security that
may be amenable to novel biotechnological solutions, Crop
Prot, 23 (8) (2004) 661-89.

5  Ober Allen J, Alaimo K, Elam D, et al., Growing vegetables
and values: Benefits of neighborhood-based community
gardens for youth development and nutrition, J Hunger
Environ Nutr, 3 (4) (2008) 418-439.

6 HeFJ, Nowson C A, Lucas M, et al., Increased consumption
of fruit and vegetables is related to a reduced risk of coronary
heart disease: meta-analysis of cohort studies,J Hum
Hypertens, 21 (9) (2007) 717-728.

7  Nicola M, Alsafi Z, Sohrabi C, et al., The socio-economic
implications of the coronavirus and COVID-19 pandemic:
A review, Int J Surg, 78 (2020) 185-93.

8 Saini I, Chauhan J & Kaushik P, Medicinal value of
domiciliary ornamental plants of the Asteraceae family,
J Young Pharm, 12 (1) (2020) 3-10.

9 Godfray H C J, Beddington J R, Crute | R, et al., Food
security: the challenge of feeding 9 billion people, Sci, 327
(5967) (2010) 812-818.

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

INDIAN J TRADIT KNOWLE, (SUPPL), DECEMBER 2020

Shahbaz M, Bilal M, Akhlag M, et al., Strategic measures for
food processing and manufacturing facilities to combat
Coronavirus pandemic (COVID-19), J Pure Appl Microbiol,
14 (2) (2020).

Key R, Contract farming, smallholders and rural
development in Latin America: the organization of
agroprocessing firms and the scale of outgrower production,
World Dev, 27 (2020) 381-401.

Reardon T, Stamoulis K, Balisacan A, et al., Rural non-farm
income in developing countries, State Food Agri, 1998
(1998) 283-356.

Henson J, Food safety standards and trade: Enhancing
competitiveness and avoiding exclusion of developing
countries, Europ J Dev Res, 18 (2006) 593-621.

Henderson E & Van En R, Sharing the harvest: a citizen's
guide to community supported agriculture, (Chelsea Green
Publishing) 2007.

De Schutter O, Large-scale land acquisitions and leases: A
set of core principles and measures to address the human
rights challenge. briefing note (Geneva: UN Office of the
High Commissioner for Human Rights, 11 June 2009), 2009.
Richards G, Warehouse management: a complete guide to
improving efficiency and minimizing costs in the modern
warehouse, (Kogan Page Publishers), 2017.

Ng K, Poon B H, Kiat Puar T H, et al., COVID-19 and the
risk to health care workers: A case report, Ann Intern Med,
172 (11) (2020) 766-767.

Copacino W C, Supply chain management: The basics and
beyond, (CRC Press), 1997.

Wang G, Gunasekaran A, Ngai E W, et al., Big data
analytics in logistics and supply chain management: Certain
investigations for research and applications, Intern J Prod
Econ, 176 (2016) 98-110.

ASM (American Society for Microbiology), (2020) COVID-
19 Research Registry. https://asm.org/COVID/COVID-19-
Research-Registry/Home. Last access on 4™ July 2020.
Bertoia M L, Mukamal K J, Cahill L E, et al., Changes in
intake of fruits and vegetables and weight change in United
States men and women followed for up to 24 years: analysis
from three prospective cohort studies, PLoS Med, 12 (9)
(2015) 1001878.

Gibson A, Edgar J D, Neville C E, et al., Effect of fruit and
vegetable consumption on immune function in older people:
a randomized controlled trial, Am J Clin Nutr, 96 (6) (2012)
1429-1436.

Carr A C & Maggini S, Vitamin C and immune function,
Nutri, 9 (11) (2017) 1211.

Huang Z, Liu Y, Qi G, Brand D, et al., Role of vitamin A in
the immune system, J Clin Med, 7 (9) (2018) 258.

Hirneisen K A, Black E P, Cascarino J L, et al., Viral
inactivation in foods: a review of traditional and novel
food-processing technologies, CRFSFS, 9 (1) (2010) 3-20.
WHO/European Office for Prevention and Control of
Noncommunicable diseases (NCDs), Prevention and
control of noncommunicable diseases in the European
Region: a progress report,” http://www.euro.who.int/
__data/assets/pdf_file/0004/235975/Prevention-and-control-
ofnoncommunicable-diseases-in-the-European-Region-A-
progress-report-Eng.pdf?ua=1Last Access on July 1 2020.
Becerra-Tomas N, Blanco Mejia S, Viguiliouk E, et al.,
Mediterranean diet, cardiovascular disease, and mortality in



28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

ISAINI et al.: IMPACT OF COVID-19 ON VEGETABLE SECTOR

diabetes: A systematic review and meta-analysis of
prospective cohort studies and randomized clinical trials, Crit
Rev Food Sci Nutr, 60 (7) (2020) 1207-122.

Zeng Y, Li Y, Yang J, et al., Therapeutic role of functional
components in alliums for preventive chronic disease in
human being, Evidence-Based Complementary and
Alternative Medicine, 2017.

Mao Q Q, Xu X Y, Cao S Y, et al., Bioactive compounds
and bioactivities of ginger (Zingiber officinale Roscoe),
Foods, 8 (6) (2019) 185.

Shirin-Adel & Prakash J, Chemical composition and
antioxidant properties of ginger root (Zingiber officinale), J
Medicin Plants Res, 4 (24) (2010) 2674-2679.

Hendrickson S J, Willett W C, Rosner B A, et al., Food
predictors of plasma carotenoids, Nutri, 5 (10) (2013) 4051-
4066.

Butnariu M & Butu A, Chemical composition of vegetables
and their products In P.C.K. Cheung and B. M. Mehta, eds.,
Handbook of Food Chemistry, (Publisher: Springer-Verlag,
Berlin Heidelberg) 2015, 627-692.

Naik S R, Thakare V N & Joshi F P, Functional foods and
herbs as potential immunoadjuvants and medicines in
maintaining healthy immune system: A commentary, JCIM,
7 (1) (2010).

WBP (World Bank Group), The Global Economic Outlook
During the COVID-19 Pandemic: A Changed World," 2020.
FnBnews.com, Fruits and vegetables supply chain battle with
Covid-19, (2020)(http:/Amw.fnbnews.com/Fruits-Vegetable/fruits-
and-vegetables-supply-chain-battle-withcovid19-55784. Last
access on 4 July 2020).

Martindale W, Wright I, Korir L, et al., Framing food
security and food loss statistics for incisive supply chain
improvement and knowledge transfer between Kenyan,
Indian and United Kingdom food manufacturers, Emerald
Open Res, 2 (12) (2020) 12.

Saurabh V & Singh H K, Assessment of self-help groups on
women empowerment: A case study of uttar pradesh
districts, BHU Management Rev, 6 (1-2) (2018) 48-57.

Mayo clinic, Coronavirus disease 2019 (COVID-19)", (2020)
(https://iwww.mayoclinic.org/diseases-
conditions/coronavirus/symptoms-causes/syc-20479963. Last
access on July 2, 2020).

Cucinotta D & Vanelli M, WHO Declares COVID-19 a
Pandemic, Acta Biomedica, 91 (2020) 157-60.

Galanakis C M, The Food Systems in the Era of the Coronavirus
(COVID-19) Pandemic Crisis, Foods, 9 (4) (2020) 523.

WHO, “Promoting fruit and vegetable consumption around
the world," (World Health Organization, Geneva), (2015).
Brar N S, Kumar T & Kaushik P, Integration of
Technologies Under Climate Change for Profitability in
Vegetable Cultivation: An Outlook, Preprints, 9 (2020) 1-18.
Schreinemachers P, Simmons E B & Wopereis M C,
Tapping the economic and nutritional power of vegetables,
Glob Food Sec, 16 (2018) 36-45.

Poudel P B, Poudel M R, Gautam A, et al., COVID-19 and
its global impact on food and agriculture, J Biol Today's
World, 9 (5) (2020) 221.

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

S 183

FAO, FAO warns of the impact of COVID-19 on school
feeding in Latin America and the Caribbean," 2020.
Weinberger K & Lumpkin T A, Diversification into horticulture
and poverty reduction: A research agenda, World Develop,
35 (2007) 1464-1480.

WHO, Coronavirus disease 2019 (COVID-19): Situation report,
(2020a) (https://www.who.int/docs/defaultsource/coronavirus
e/situation-reports. Last access on July 1).

Pulighe G & Lupia F, Food first: COVID-19 outbreak
and cities lockdown a booster for a wider vision on urban
agriculture, Sustainability, 12 (12) (2020) 5012.

OECD (Organisation for Economic Co-operation and
Development), Preliminary report: Evaluation of the impact
of the coronavirus (COVID-19) on fruit and vegetables
trade (2020) (https://www.oecd.org/agriculture/fruit-vegetables/
oecd-covid-19-impact-on-fruit-and-vegetablestrade.pdf).
Hailu G, Economic thoughts on COVID-19 for Canadian food
processors, Can J Agr Econ, (2020) (DOI: 10.1111/cjag.12241).
Galanakis C M, “Emerging technologies for the production
of nutraceuticals from agricultural by-products: A viewpoint
of opportunities and challenges," Food Bioprod Process,
91 (2013) 575-79.

Kovacevi¢ D B, Barba F J, Granato D, et al., Pressurized hot
water extraction (PHWE) for the green recovery of bioactive
compounds and steviol glycosides from Stevia rebaudiana
Bertoni leaves, Food Chem, 254 (2018) 150-157.

Larue B, Labour issues and COVID-19, Can J Agri Econ,
(2020) (doi: 10.1002/cjag.12233).

Fabeil N F, Pazim K H & Langgat J, The Impact of Covid-19
Pandemic Crisis on Micro-Enterprises: Entrepreneurs’
Perspective on Business Continuity and Recovery Strategy, J
Econ Bus, 3(2) (2020).

Siche R, What is the impact of COVID-19 disease on
agriculture? Scientia Agropecuaria, 11 (1) (2020) 3-6.

WHO, Rational use of personal protective equipment (PPE)
for coronavirus disease (COVID-19)," (2020b) (Available at
SSRN
https://apps.who.int/iris/bitstream/handle/10665/331498/WH
0-2019-nCoV-IPCPPE_use2020.2-eng.pdf).

Singh | S, Agriculture in the time of Covid-19. The Hindu,
Business Line, 2020.

Asia and Pacific Seed Association (APSA) "Asian seed congress
highlight report”, (2019) (Available on https:/Amww.apsaseed.org/
wpcontent/uploads/2020/06/ASC_2019_Summary_Report.pdf).
Harris C, Lyon N, Miller C, et al., Cities at the Nexus. In
The Food-Energy-Water Nexus, (Springer, Cham), 2020,
485-524.

Vertudes M F, Musa C D, Cosilet M A, et al., Impact of rice
tariffication law in selected rice farmers in nuevaecija,
Philippines, IJAEMS, 6 (3) (2020).

Gupta R, Tyagi N K, & Abrol I, Rainwater Management and
Indian Agriculture: A Call for a Shift in Focus from Blue to
Green Water, Agric Res, 11 (2020) 1-5.

Goswami S K, Manzar N, Kashyap A S, et al., Contribution
of Individuals and Organizations in the Development of
Seed Pathology, In Seed-Borne Diseases of Agricultural
Crops: Detection, Diagnosis & Management, (Springer,
Singapore), 2020, p. 65-80.



