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Abstract

The worldwide sustenance and wholesome security of the expanding population is a gen-
erous test, which searches for new harvest (better yield from conventional ones) as a
wellspring of nourishment sustenance and recoveries from malnutrition and food scarcity.
Alluding to it, mushrooms discover some help which can be developed even via landless
individuals, that too on decaying material and could be a source for proteinaceous suste-
nance. Metric huge amounts of natural waste and buildups are created every year which
can possibly be reused as a substrate for mushroom cultivation. Mushroom cultivation
being an indoor movement, requires less work and benefit adventure gives abundant
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chances to jobless.
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INTRODUCTION

Food is one of the vital necessities of life. It pro-
vides energy for all vital activities of life. From
ages, humanity is struggling with malnutrition and
food scarcity because of poor agriculture produc-
tion due to various factors. Growing population,
urbanization and desertification making this prob-
lem more difficult. This situation is quite intense in
African countries and developing Asian countries.
In future, this situation will be more difficult to
deal. Millions of people will have to face malnutri-
tion and hunger or even worse. According to the
report of Global Hunger Index 2017; African and
Asian countries are facing a huge problem of
hunger and malnutrition and among developing
Asian nations; India is facing a “serious” hunger
problem and it ranks 103" out of the 119 coun-
tries on the global hunger index — behind Nepal,
Bangladesh and Iraq but ahead of North Korea

and Pakistan (Global Hunger Index, 2018)

According to the Population reference bureau
(2016), the world population estimated nearly 7.4
billion. In 2050 the world’s population will reach an
estimated 9.1 billion, which is 34 per cent higher
than today. It will further increase to approx. 11.2
billion in the year 2100. India and China will be the
major contributor in this projected population. The
population of India is around 135 crores (World
Population Review, 2018) India will become the
world's most populous country by 2022 surpas-
sing China and its population reaching 1.7 billion
by 2050 (FAO, 2009). Urbanization will proceed at
a accelerated pace and around two third of the
total population will be urban (compared to approx
50 per cent today). Due to the rapid growth in ur-
banization, agricultural land sink and possibilities
of land degradation and desertification is rising
rapidly. According to FAO (2009) report, annual
cereal and meat production must be raised to
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about 3 billion tons from 2.1 billion tons and 470
million tons from 200 million tons respectively in
order to fulfill increase in demand of food produc-
tion which can only be achieved through proper
implementation of necessary investments and
policies regarding agricultural production. Be that
as it may, expanding production isn't the best way
to accomplish nourishment security and suste-
nance. Strategies and projects ought to be intend-
ed to upgrade access by battling neediness, lack
of healthy sustenance, particularly in provincial
zones. It will likewise require arrangements that
help ranchers and other private members in
developing nations and urge them in horticulture
to upgrade development in that division. In any
case, the truth and certainty are that comprehen-
sively the rate of development in yields of the
major cereal crops has been consistently declin-
ing; it dropped from 3.2 percent in 1960 to 1.5
percent in 2000. Malnutrition can hold on in the
midst of adequate supplies in view of lacking in-
come opportunities for the poor and the non ap-
pearance of powerful social wellbeing nets. Expe-
rience of nations that have succeeded with re-
gards to diminishing craving and malnutrition
demonstrates that monetary development does
not ensure guarantee achievement. Development
in farming, especially in smallholder division is
somewhere around twice as compelling in profit-
ing the poorest as think about development from
non-agribusiness areas. This isn't astonishing
since 75 percent of the poor in developing nations
live in country regions and their livelihoods are
straightforwardly or in a roundabout way connect-
ed to agribusiness. According to the report of
World Population review; last two decades have
witnessed an increase in the number of Indians
living in urban areas but 67% of Indians still live in
rural areas (World Population Review, 2018).

To cure hunger and malnutrition, there should be
solid efforts in the form of extensive social activi-
ties that includes food assistance, health and san-
itation. Beside this promotion of education and
training is also important. more efforts should be
focused on deprived class. Most of the countries
cannot grow all consumable. They will remain
dependent on international trade to ensure food
security. In 2008-09 it was estimated that by 2050,
net imports of developing countries will be dou-
bled from 135 million metric tons to 300 million
metric tons. In 2009, the UK government's chief
scientific advisor, Professor John Beddington,
warned that growing populations, falling energy
reserves and food shortages would create a
"perfect storm" of shortages of food, water, and
energy by 2030 (The Guardian, 2009; The Guardi-
an, 2011; Fine facts, 2009). According to a report
by the United Nations Food and Agriculture Or-
ganisation (FAO, 2009), the world will have to
produce 70% more food by 2050 to feed a project-

ed extra 2.3 billion people (UNFAO, 2008). In the
case of India, it would be predicted nearly 1.70
billion surpassing China (PopulationPyramid.net,
2018). A report commissioned by the agriculture
ministry has called attention to that at the current
rate of population and salary development, India
will have to undoubtedly post a development of
4.2% every year in cereal production in the dec-
ade until 2020 rather than the under 2% it accom-
plished in the earlier decade. The investigation
predicts that grain production would be 260 million
tons by 2020 in continuation with a sensible as-
cent of half in the utilization of manures, develop-
ment of water system and innovative progres-
sions. It is to be noticed that the rate at which pop-
ulation is increasing along with the growth in pros-
perity, an exponential rise in demand for food
grain will be witnessed which will require availabil-
ity of a higher per capita. The increase in per capi-
ta income is supported by the fact that by 2020,
the annual per capita availability of cereals in India
will rise to 215 kg per capita which was approxi-
mately 181 kg in 2001. As a result of urbanization,
the demand for protein rich food such as eggs,
meat and milk products is likely to increase four
times in 2020 more than as it was in 1993. Again
to increase these we have to increase cereals and
oilseed production as these are consumed by cat-
tle. There are many such factors that pose multi-
ple issues that policymakers have to deal with
(Deccan chronicle, 2018) .The observed figures
for 2007 demonstrated a genuine increment in
absolute numbers of undernourished individuals
on the planet, with 923 million undernourished in
2007, versus 832 million of every 1995 (FAO,
2009). In 2009 FAO estimated a much more dra-
matic increment, to 1.02 billion.

Looking at all these scenarios there is a need to
focus on other available food supplementary re-
sources so that we can survive in that condition
and protect masses from the malnutrition. One of
the best resources we have, which can be supple-
mentary to the cereals is Mushrooms. It is the
most well-known and documented edible forest
product (Chamberlain et al., 1998). Since old oc-
casions, mushrooms were designated as "food of
gods" by the Romans. The Greeks viewed them
as giving solidarity to warriors in fights. Mush-
rooms are strange, social, customary and incredi-
ble (Arora and Shepard, 2008). Mushrooms have
been widely used as foods (Falconer and Koppell,
1990; Gilbert and Robinson, 1957). It was prized
as delicacy food by the Pharaohs (Daba et al.,
2008). It is a valuable resource for medicines as
well (Lakhanpal and Rana, 2005). Mushroom are
source of multiple nutrients, fibers, phytochemical
which provides various nutritional and health ben-
efits (Cheung, 2010). Their medicinal values in-
clude wound-healing, immunity-enhancement, and
tumour-retarding effects (Chang, 1999; Dai et al.,
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Table 3. Mushroom production in India during 2016
(Source: Sharma et al., 2017).

Table 1. Mushroom production in world and
China’s share. Source: FAOSTAT Data (2014).
Year World China China/world
(In tons) (In tons) (%)
2000 4205788 2400000 57.064
2001 4530048 2660000 58.71
2002 4729290 2850000 60.26
2003 4921099 3000000 60.96
2004 5276951 3350000 63.48
2005 5299546 3400000 64.15
2006 5559916 3675000 66.09
2007 5990976 4060000 67.76
2008 6823531 4702355 68.91
2009 7212848 4672776 64.78
2010 7398664 4826000 65.22
2011 8406245 5658972 67.31
2012 9592291 6527965 68.05
2013 9762375 7068102 72.40
2014 10378163 7626791 73.48

Mushrooms Species Total Production
(Production in metric
tons)

Agaricus bisporus 94676

(Button Mushroom)

Pleurotus ostreatus 21272

(Oyster Mushroom)

Calocybe indica (Milky 3184

Mushroom)

Other mushrooms 10650

Total Cultivation 129782

Table 2. Mushroom production in China and India.
Source: FAOSTAT Data 2014)

Year China India India/China
(In tons) (In tons) (%)
2000 2400000 24000 1.0
2001 2660000 30000 1.12
2002 2850000 40000 1.40
2003 3000000 40000 1.33
2004 3350000 40000 1.19
2005 3400000 40000 1.17
2006 3675000 35000 0.95
2007 4060000 37000 0.91
2008 4702355 37000 0.78
2009 4672776 37000 0.79
2010 4826000 40600 0.84
2011 5658972 40600 0.71
2012 6527965 30000 0.45
2013 7068102 17000 0.24
2014 7626791 28000 0.36

2009). Mushrooms have also shown extraordinary
results in trials for HIV/AIDS patients in Africa
(Chang, 2006).

Edible mushrooms were only traditionally harvest-
ed in wild and were difficult to domesticate and
cultivate. Collection from wild woodlands is still
important in the world and particularly in southern
Asia (Arora, 2008; Yang et al., 2008), and other
developing countries (Fanzo et al., 2012). Alt-
hough cultivation of some species has had a long
history. The shiitake (Lentinula edodes) could be
one of the earliest species to be cultivated. Culti-
vation of oyster mushrooms and shiitake has
grown rapidly in recent decades (Arora and Shep-
ard, 2008). As the number of wild mushrooms
shrinks from both the degraded environment and
natural resources, cultivated mushrooms would
not only provide food security, but also sustaina-
ble and more nutritious diets (Vinceti et al., 2013).
Significance of mushroom in controlling food
scarcity problem: Diversifying agriculture activi-
ties in areas of horticulture is important for provid-

ing nutritionals security to our people. Mushroom is
such a content which imparts diversification as well
as help in addressing the problems of quality food,
health and environment related issues. Recycling
of agro-waste including agro-industrial waste, ma-
jor area to contribute conservation of natural re-
source and increased productivity, can enhance
income and impart higher level of sustainability by
using this waste for mushroom production. On
commercial scale, a vast quantity of agriculture
forestry, industrial and house-hold waste can be
bio-converted to nutritious food. Moreover, we get
highest protein produce per unit area and time i.e.
100 times more than the conventional agriculture
and animal husbandry through indoor cultivation of
mushrooms in vertical space. Technological as-
cent in mushroom production has scope to fulfill
the gap of food-shortage without any pressure on
land.

China’s success story of mushroom cultiva-
tion: China has set a great example of rural devel-
opment driven by bioinnovation and technological
development of mushroom business in rapid
growth and market expension of where rural eco-
nomic development and poverty alleviation was
quite significant. It is also an example of recycle
economy and sustainable agriculture and forestry.
The last five decades have witnessed rapid growth
in cultivated mushroom production. The world
mushroom production has expanded around multi-
ple times from 1969 to 2009. The most outstanding
increments saw in China, USA, Netherlands, India
and Vietnam (FAOSTAT, 2014; Table 4). The ag-
gregate mushroom production has expanded from
60,000 tons with under 15 million USD in 1978 to
25.7 million tons with more than 13 billion USD in
2008 (China Mushroom Association, 2009), and
149 billion Yuan (24 billion USD) in 2011(Wu et al.,
2013 ). A lot of worldwide mushroom production
has expanded from 5.7% in 1978 to 80% in 2008
(China Mushroom Association, 2009; Wu et al.,
2013). The mushroom business was positioned
fifth among the farming results of China (Feng,
2009). The fares added up to 1.7 billion USD in
2008 (China Mushroom Association, 2009). In
spite of the fact that China creates and shares a
substantial level of the aggregate mushroom gen-
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Table 4. World production of mushrooms up to 2014
(Source: In tons FAOSTAT data on 8-19-2017).

Countries 1997 2007 2014
China 1450000 4060000 7626791
United states 3,66, 810 3,59, 630 432100
of America

Netherlands 2,40,000 2,40,000 310000
Poland 1,07207 1,40,000 254224
Spain 81,304 1,31974 149854
France 1,73,000 1,62450 108540
Italy 57,646 85,911 600114
Ireland 57,800 81,000 69600
Canada 68,020 73,260 102526
United king- 1,07,359 71,500 94857
dom

Japan 74,782 67,000 65,811
Germany 60,000 55,000 59923
Indonesia 19,000 48,247 37410
India 9,000 37000 28000
Australia 35,485 42,739 60023
Korea 13,181 28,764 27,130
Iran 12,601 28,000 80,239
Hungary 13,559 21,637 22,603
Viet Nam 12269 18,636 22,000
Den mark 8,766 11,000 10026
Thai land 9,000 8802 1000
Israel 1,260 9,500 10000
South Africa 7,406 10,320 17,299
New Zealand 7,500 8,500 607
Switzerland 7,239 7,440 8155
Total World 3101498 5990976 10378163
Production

eration of the world it sends out just 40% as rest is
expended in the nation itself. (FAOSTAT 2014
data Table 1).

As labour- intensive agriculture, the mushroom
industry created significant job opportunity. It was
evaluated that around 25 million individuals
worked in the mushroom cultivation and preparing
industry (Hang et al., 2008). The customary mush-
room generation locale was situated in southeast
China where the atmosphere is warm and muggy
and ideal for mushroom cultivation. Since the
1990s, the generation focus has been advancing
toward the north where the work costs are lower,
crude materials specific residuals of agribusiness
are less expensive and bounteous, and showcase
get to is nearer to more populated northern urban
cities like Beijing and Tianjin. More recently the
production has been moving to north eastern Chi-
na and central China where woods and lands are
more abundant and agriculture residues are more
available.

The Chinese have recognized 966 edible mush-
rooms and 576 therapeutic types of which, around
70 species can be cultivated and 18 species can
be cultivated industrially (Dai et al., 2009). China
alone is now reported to grow more than 20 differ-
ent types of mushroom at commercial scale and
mushroom cultivation has become China sixth
largest industry. China tops the world in growing
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Fig. 1. Mushroom production (in tons) in the world up
to 2014.

(Tuckahoe), Lentinula edodes (shiitake), Agaricus
bisporus (agaric), Auricularia auricula-judae (wood
ear), Auricularia polytricha (black fungus), Tremel-
la fuciformis (white jelly fungus), Flammulina ve-
lutipes (eniki), Pleurotus ostreatus (oyster mush-
room), Pleurotus eryngii (King trumpet mushroom)
and Hericium erinaceus (hedgehog mushroom);
Wu et al., (2013).

By and by, three geological regions— Europe,
America and East Asia add to about 96% of world
mushroom generation. With the ascent in salary
level, the interest for mushrooms will undoubtedly
increment in different parts of the world also. Chi-
na has been cultivating mushrooms at low ex-
penses with the assistance of occasional develop-
ing, state endowments and catching the potential
markets on the planet with handled mushrooms at
expenses not profitable to the cultivators in other
mushroom developing nations. Mushroom farming
today is being practiced in more than 100 nations
and its production is expanding at a yearly rate of
6-7% (FAOSTAT, 2014). In some developed
nations of Europe and America, mushroom culti-
vating has achieved the status of an innovative
industry with elevated amounts of motorization
and mechanization.

India status as Mushroom cultivation: preva-
lence of varied agro-climatic zones and abun-
dance of farm waste enables different types of
temperate, tropical and subtropical mushroom
cultivation in India. It was assessed that India cre-
ates million tons of agrarian waste moreover, leafy
foods buildup, coir husk, dried leaves, pruning's,
coffee husk, tea waste which can possibly be re-
used as substrate for mushroom generation
prompting nutritious sustenance and additionally
natural excrement for harvests (Poppe, 2000). In
India, there are major five mushroom species that
cultivated commercially viz., Agaricus bisporus
(white button mushroom), Pleurotus spp. (oyster),
Volvariella volvacea (paddy straw mushroom),
Calocybe indica (milky mushroom) and Lentinula
edodes (shiitake). Even though cultivation technol-
ogies of many exotic species have been standard-
ized, the markets are still dominated by button
mushroom Agaricus bisporus, oysters Pleurotus
spp. and Volvariella volvacea. All they contribute
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about 96% of the total mushroom produced in
India. Milky mushroom (Calocybe indica) is an
indigenous tropical mushroom of the country . In
any case, its business development is for the
most part to south Indian states just that contrib-
ute up to 3% to the aggregate mushroom produc-
tion. Production of paddy straw mushroom be-
come more popular in Chhattisgarh and Odisha
and its production was registered at 7% to the
total mushroom production. The short duration
cultivation technology of many mushrooms has
been standardized but still, mushrooms have so
far not been exploited at commercial scale in In-
dia. Few of the growers in Uttarakhand and Hima-
chal Pradesh have successfully cultivated mush-
rooms. However, the markets are dominating by
the dried mushrooms imported from China and
Taiwan. In North Eastern states, Uttarakhand and
Chhattisgarh, mushroom cultivation is emerging
as one of the leading industry (Kumar et al.,
2017). In 2014 the total production of mushrooms
in India was only 28000 tons (FAOSTAT, 2014
Table 2). Mushroom production in India is very
low as compared to China. India was producing
less than half per cent of mushroom (Table 2;
FAOSTAT, 2014). It indicates that mushroom is
not much popular and not a primary source of
food. However, in forests, some ethnic communi-
ties use wild edible mushrooms as a food (Kumar
et al., 2017; Borah et al., 2017; Devi, 2017;
Semwal et al., 2014; Sarma et al., 2010; Harsh et
al., 1993 and 1999). Commercial mushroom pro-
duction is very uneven in the country. Though, this
data does not contain the grower’s lists that are
not registered in any government agency.
Reasons for the slow progress of the mush-
room industry in India: The retardation of pro-
gress is due to the following reasons:
Non-availability of funds

Poor harvest management and marketing

No serious efforts to popularize edible mush-
rooms in spite of the abundant availability of raw
materials, cheap labour force and suitability of
agro-climatic conditions

No serious efforts for collection and subsequent
evaluation of locally available germplasm suita-
ble for various agro-climatic conditions,

Use of unpasteurized compost widely prevalent
with small growers,

No use/exploration of locally available sub-
strates for compost,

Unrefined pasteurization technique for compost
and casing,

Technology for successful cultivation of Oyster
and Paddy straw Mushroom has not been
properly standardized,

Cheap production technology of edible mush-
rooms is lacking

Lack of research with respect to the right stage
of picking, grading and preservation.

Practical training is necessary to create the right
environment as well as awareness to properly
learn the art of mushroom growing. One of the
major problems faced by the Indian farmers is a
high mushroom training fee of mushroom re-
search centres.

Marketing and exports: Popularly known as
“vegetable meat”, most edible mushrooms in mar-
ket viz., Agaricus bisporus, whites, crimini and
Portobello are safest to consume as they are com-
mercially cultivated in controlled and aseptic envi-
ronment in mushroom farms. List of species which
are widely cultivated includes Hericium erinaceus
(Lion’s Mane Mushroom), Lentinula edodes
(Shiitake Mushroom), Grifola frondosa (Maitake or
hen of the woods Mushroom), Pleurotus and
Flammulina velutipes  (Enoki Mushroom)
(Sharma et al., 2017, Table 3).

The nearby city is suitable for marketing of fresh
mushrooms due to higher demands. It is mainly
done in Delhi, Mumbai, Chennai, Chandigarh and
others. Mushrooms are freeze-dried by the pro-
ducer and exported at a good price. The retail
price of fresh mushrooms in Indian markets rang-
es from Rs.50/- to Rs.100/- per kg, the price may
change according to the season or special occa-
sion. Due to market demand, fresh mushrooms
are treated with potassium metabisulphite. Treat-
ment makes them extra white and the casing ad-
hering is also removed. For India, the export mar-
ket is chiefly the USA, some quantities also ex-
ported to UAE, Russia, Netherlands, Germany,
UK, Switzerland, Denmark, Israel, Sweden and
other countries. India has no quota available from
EU that is why Indian exporters have to sell pro-
cessed mushrooms in the EU with additional taxes
levied as per the laws of the EU, which makes it
difficult for the Indian exporters to compete in the
EU market (International Society for Mushroom
Science, 2018).

Opportunities for mushroom production in
India: Though India is not considered as major
producer of any of the mushroom varieties but it
cultivates edible and medicinal mushrooms due to
its diverse climatic conditions. India has both tech-
nical and non-technical manpower necessary to
carry out mushroom growing activities. Mushroom
is cultivated on recycled agricultural residues
which is accessible in nearly every part of the
country. Black carbon emission from biomass
burning is the second largest contributor to the
current global warming (IPCC, 2014). At present,
the territories with Rice-Wheat cropping arrange-
ment of India is confronting an extreme test to
deal with the mounting crop buildups. Mushroom
cultivation can viably use these agro-deposits for
generation of protein-rich nourishment and as-
sumes a urgent job in the administration of these
agro-buildups. The interest and supply hole in the
worldwide exchange of mushrooms and the less-
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ening generation in western nations because of
high work expenses would result in better market
costs for Indian mushroom makers. With a popu-
lation of more than 1.3 billion, India itself is a huge
market for mushrooms. The development of rapid
infrastructure facilities and well-organized distribu-
tion network provide the greater scope for market-
ing of perishable products in order to meet do-
mestic consumer demands. In order to achieve
success in domestic and export market, quality
fresh mushrooms and mushroom fortified value-
added products needs to be produced at competi-
tive rates not comprising of any agrochemical resi-
dues. Vermicompost, briquettes and organic ma-
nure etc. which can also be used as mushroom
substrate, should be exploited for commercial utili-
zation. India has a very good strategic geograph-
ical position which can help it to become a poten-
tial major mushroom producer as it will be fruitful
in exporting the mushrooms to the Middle East,
Southeast Asia and European countries.

Can mushroom help from food scarcity? A
good example comes from Nigeria where people
looking towards the mushroom and their produc-
tion which will help them to fight with poverty, hun-
ger and malnutrition (The Guardian, 2018). Re-
searcher works on the low-cost development of
mushroom technology. Mushrooms need a little
space to grow and they have a high production
rate in a given area when compared with agricul-
ture crop. People benefitted with mushroom pro-
duction and got livelihood to survive. Table 4 pro-
vides FAOSTAT DATA 2014 which shows the
increase in production of mushroom from 1997 to
2014.

Conclusion

India has incredible potential in mushroom culti-
vation as India has immense assets which will be
favorable in developing mushroom cultivation into
a large scale industry. Technological advance-
ment might enhance productivity and cost reduc-
tion; Marketing and related education of the tech-
nology is significantly important as well. The im-
pact of mushroom cultivation on livelihoods and
poverty reductions is significant and wide-spread.
Mushroom cultivation requires very less land and
resources and is suitable for farmers, women,
children and self-help groups in the urban area. It
is a high economic return venture. Mushroom cul-
tivation also does not require a huge sum and can
be started on a small scale. It can also be done on
a part-time basis with little maintenance. Indirect-
ly, mushroom cultivation is helpful in ameliorating
the sustainability of marginal farmers through or-
ganic matter reprocessing, which primarily be
used as growing substrate and at last carried back
to the soil in the form of fertilizer. Forest floors and
natural environment are likewise great spots to
develop certain types of mushroom. Many mush-

room species have not yet been examined; this
can start new revelations of the medical ad-
vantages of mushrooms. Today, we have
achieved food security by producing million tons of
food grain with the variety of agricultural crops
grown. However, struggle to achieve nutritional
security is still under continuation. In anticipated
future, expanding population, decreasing agrarian
land, evolving condition, water shortage and de-
sire for quality sustenance items at focused rates
will be grave issue to be worried for. In this way,
advancement of mushroom cultivation can end up
being a stage to address dietary issues to de-
crease lack of healthy sustenance and giving vo-
cation to landless poor.
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