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The economy of rural areas largely depends on agricultural practices. The
livelihood is invariably affected with failure of crop due to natural
calamities, pest attacks, poor intercultural practices, etc. Mushroom
cultivation is rising as sustainable agriculture option for farmers, which is
providing financial and nutritional securities to the population of rural
areas. Among different cultivable mushroom species, oyster mushroom
produces higher yields and earns more returns. With advanced production
technology and research, the status of oysters can be uplifted in India. In
the paper, recent advances in mushroom research have been reviewed
which will helpful to focus on future aspects.

Introduction

Mushrooms are considered as gods’ food and
the miniature pharmaceutical factories. The
use of mushrooms for food is known for
hundreds of years. Out of thousands
mushroom biodiversity present in nature, our
ancestors, biologists and scientists have
isolated approximately 100s of mushroom
species that have a unique combination of
nutrition that improve our health (Kalac,
2013; (Aida et al., 2009; Xu et al., 2011).
While plants are autotrophs which make their

own food through the process of
photosynthesis, mushrooms are dependent on
substrate material for the supply of nutrients
to grow.

The vegetative mycelium (hypha network)
absorbs nutrients, water, and necessary
supplements and supplies fruiting bodies for
their grow that reproductive stage (Oei, 2005;
Ha et al., 2015). Majorly, fungi require
carbon and nitrogen for mycelium growth and
absorption of other nutrients such as iron,
selenium, zinc, copper, manganese and
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molybdenum. Both micro and macro nutrients
play role in growth, development and
physiological  functions of fungi viz.
mushrooms (Chang and Miles, 2004). The
commonly cultivated mushrooms are button
mushrooms, oyster mushroom, paddy straw
mushroom, milky mushroom, portobello
mushroom and shiitake mushrooms.

Since ages, humans are consuming
mushrooms, only in last two decades the
commercial importance of these heavenly
bodies have been identified. Due to higher
nutritional values, excellent flavour and taste,
mushrooms are added in gourmet dishes and
menus at global level (Sheu et al., 2007;
Mariga et al.,, 2014). The most popular
mushrooms cultivated throughout the world
were collected from wild by people whose
nutritional value is known to them, whereas
there are plenty of species of mushrooms in
the biodiversity which are still unknown to
the humankind. In some places, mushrooms
are preferred over exotic vegetables and other
dishes due to its fanciness.

The oyster mushrooms

In India, the major focus has been given on
the production of button mushrooms,
however, the productivity, yield potential,
quality and medicinal aspects make oyster
mushrooms more challenging. There are only
a few species which can complete oysters in
productivity and ease of cultivation. The
oyster mushroom is a member of genus
Pleurotus, commonly known as “Dhingri” in
India.

It has got its name “oyster” from the
resemblance of its fruiting bodies to sea
oyster shells, that comes in different colours
(white, cream, grey, pink and yellow).Some
countries such as China, Italy and the USA
are leaders in oyster mushroom production
and China produces 85% of all (Pleurotus

spp.) that is grown worldwide. Oyster
mushrooms decompose plant and farm
residues and absorb nutrients through its
mycelial growth and reproduce spores for
survival. During late fall to spring, often
oyster mushrooms are found in form of
cluster, hanging from the tree trunks as lignin
degrader in forest areas, naturally. Wider
adaptability has distributed these mushroom
species to diverse climatic zones from
temperate forests to subtropical zones. The
biodiversity of oysters is limited in arid and
semi-arid areas because of less relative
humidity (Savoie et al., 2007).

All the varieties or species of oyster
mushroom are edible except P. olearius and
P. nidiformis, are considered not for human
consumption as in researches presence of
poisonous substance has been reported in
these species. There are 38 species of the
genus recorded throughout the world. In past
years few species are domesticated in

different countries viz.P ostreatus, P.
flabellatus, P. florida, P. sajor-caju, P.
sapidus, P. cystidiosus, P. eryngii, P.

fossulatus, P. opuntiae, P. cornucopiae, P.
yuccae, P. platypus, P. djamor, P tuber-
regium, P. australis, P. populinus, P. levis, P
columbinus, P. membranaceus,etc.(Pe’rez-
Marti'nez et al., 2015; Knop et al., 2015;
Zhang et al., 2016). Some of the Pleurotus
species are reported to have carnivorous
properties. These species attack on nematodes
and digest them to obtain nitrogen for their
growth and reproduction. It is a well-
established fact that oysters not only can
survive on flora residues but fauna residues
also.

History of cultivation

During 19™ century, wooden logs and tree
residues (on which oysters form fruiting
bodies naturally) were used for growing
Pleurotus species in Europe. The inoculated
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logs were kept under cool and moist
environment to  flourish  mushrooms,
naturally. After various trails, a German
scientist Falck in 1917, successfully
cultivated Pleurotus ostreatus in his
experiments where he used wood logs and
stumps as substrate materials. Mushrooms
came out as an alternative to high energy food
during the world war 11, when food supply to
people was the major concern.

Central Food Technological Research
Institute  (CFTRI), Mysuru  pioneered
mushroom cultivation in India in 1962 with P.
flabellatus using paddy straw. Later, other
substrates such as dried Euphorbia royleana
stems for P. ostreatus (1970) and wheat and
banana pseudo stems for P. sajor-caju(1974).

It was found from these research experiments
that dried plant residues can be effectively
used as substrate for growing different species
of oyster mushrooms. Slowly, the commercial
cultivation started at small scale by some
researchers and innovative farmers.

Global and national production status

The oyster mushrooms are cultivated in
United States of America, Asian countries
(Thailand, Philippines, etc.), and European
countries. After truffle and white button
mushroom, oysters rank third in area coverage
and production. More than 80% of the
world’s total oyster mushroom production is
contributed by China.

The other countries producing oysters are
Japan, South Korea and Taiwan.At present,
the total mushroom production in India,
including truffles, approximately 10, 000
tonnes. In India, the major producing states
Bihar, Jharkhand, Uttar Pradesh, Orissa,
Madhya Pradesh, Coastal Karnataka, Andhra
Pradesh, Telangana, West Bengal and 7 states
of north-east.

Nutritional and medicinal properties

People have been collecting them from the
wild for ages and cultivating them as a
valuable food. Oyster mushrooms are rich
source of protein (1.6-2.5%- fresh weight, 20-
30% protein- dry weight), vitamin C and
vitamin B complex, potassium, sodium,
phosphorus, iron and calcium (Panjikkaran
and Mathew, 2013; Kalac, 2009). The protein
quality of oyster mushrooms is considered
higher than that of fruits and vegetables.
These mushrooms have immunity boosting,
wound healing and antibodies stimulating

properties. They also help in reducing
tumours by retarding uncontrolled cell
division in the tumour cell. Oyster

mushrooms contain beta-1,3/1,6-glucan which
stimulate the immune system and mevinolin
which is important in lowering cholesterol
level (Pathmashini et al., 2008; Yehia, 2012).

This species is also claimed to prevent high
blood pressure, ease covering from fatigue,
prevent hangover and prolong life. These
mushrooms have been recognized as the
alternate source of good quality protein which
is higher than vegetables and fruits and is of
high quality.They are reservoir of mineral,
vitamins, proteins and health promoting
compounds, therefore, its incorporation in
routine diet provides complete nutrition. The
discovery of bio-active compounds, including
anti-tumour substances has stirred a growing
interest in such mushrooms from industry, the
media and the scientific community (Sheu et
al., 2007; Mariga et al., 2014). A compound
with antibodies like properties have been
isolated from a species of oysters (P. griseus)
which is further under research for its effects
on human health(Tikdari and Bolandnazar,
2012; Gume et al., 2013). Similar to
phytoremediation, myco-remediation using
oyster species is being implicated in
industries.An alcohol named ‘arabitol” which
is a derivative of sugar fermentation, is found
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in small traces in oyster mushrooms depicting
gastrointestinal problem reliving properties.

Demand in international/ national market

The oyster mushroom is used fresh, dried,
canned or in powder form. It is an important
ingredient of Japanese, Chinese and Korean
Cuisine. It is also consumed in soups,
stuffing, pickle and fried forms. In Odisha and
Kerala(India),this mushroom is added to
various vegetarian and non-vegetarian dishes.
Although there is not great demand in
national market, it is easy to sell the small
produce by the growers. The international
demand is so huge that it is difficult for small
grower to meet. There is a need to develop a
chain of producers so that the production from
different farmers could be collected and
supplied to international market as per export
standards. With change in food dynamics, the
demand for oyster mushrooms are increasing
in gourmet food sector in India also.
Moreover, people always try to use the most
unique product of the market.

Oyster mushroom production technology

Cultivation of edible mushrooms is one of the
most economically viable processes for the
bioconversion of lingo-cellulosic  wastes
(Aguilar et al., 2010; Yehia, 2012). Pleurotus
spp. can easily be grown by the rural women
with minimum efforts. Dhingri is grown in
northern plains from October to March when
temperature ranges between 22-28°C.Freshly
prepared, good quality spawn is mixed with
sterilized (chemically or with steam) chopped
straw/ substrate (rice, wheat, barley, maize,
etc.) under sterilized conditions. The mixture
is filled in perforated polythene bags and kept
in spawning room for completion of spawn
run. After complete spawn run, the bags are
shifted to cropping rooms. It takes
approximately 20-30 days from spawn
inoculation to first harvesting. Three to four

flushes of crops can be taken from a single
bag. Usually, hanging system is followed for
cropping but shelf system is also followed by
some big farmers as the latter increases
capital investment.

Oyster mushroom cultivation does not require
land or soil in acres to cultivate. The areas
with problematic soils and adverse climatic
conditions for open cultivation of crops can
be effectively utilized for mushroom
cultivation.

In comparison of other domesticated
mushroom species, more yield per unit area is
harvested in case of oyster mushrooms. The
average productivity depends on the
nutritional status of substrate and growing
conditions. The substrate material with higher
nitrogen percent can produce higher vyield,
therefore, sometimes the substrate s
supplemented by addition of cotton seeds, oil
cakes, pulse residues, etc. (Badu et al., 2011,
Tesfaw et al., 2015). On an average, 500-700
kg/ ton of substrate yield could be harvested
in one cropping season that usually last for 1-
2 months. It is much more than for button
mushrooms with similar quality of substrate.

Oysters changing rural livelihood

High labour-land ratio and alarming rate of
population growth may pose a threat to our
food security in the very near future. The
situation has led to a decrease in labour wages
pushing the community below poverty line.
Oyster mushroom cultivation is considered as
an alternative source of income to uplift the
living standards of poor farmers and also to
add high quality protein in their daily diets to
eradicate malnutrition problems. Mushroom
cultivation can provide employment in both
the semi-urban and rural areas. It is a way to
uplift economic, social and nutritional status
of rural people and their families as it
provides employment opportunities in rural
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areas. Especially, women are benefited with
mushroom culture (Gume et al., 2013; Ahmed
et al, 2013), as women can work in
mushroom units without affecting their
routine household activities. Additionally,
they do not need to go far from home to work
and earn as the production unit can easily be
established in the backyard of household.In
India, mushroom cultivation till now not
explored as per their potential. The state
governments in many states contributing to
farming community are providing trainings
and starting material to promote mushroom
farming. With technological improvements
and innovation, the business of oyster
mushroom production is expanding and
generating good economic growth which is a
great opportunity for farmers from rural areas.
At the same time, it is also helping in
management of poverty of small farmers
through sustainable agricultural practices.
Recent advances in oyster mushroom
production technology

Substrate materials

Oyster mushrooms grow on crop residues,
agri-wastes which are called substrate
Materials. Earlier only rice straw was used for
growing oysters, but with increasing research
and agri-wastes, other materials were also
tried for spawning. The major waste materials
used as substrate are cotton straw, bean straw,
corncobs, cotton seed hulls, saw dust, rice
straw, corn cob, paper waste, vegetable
residue supplemented with rice bran, chicken
manure, eucalyptus sawdust, eucalyptus bark,
sugarcane bagasse, coffee husks, etc.
(Hussain et al., 2002; Pant et al., 2006; Reddy
et al., 2003; Li et al., 2001; Eira, 2003,
Ragunathan and Swaminathan, 2003; Moda et
al., 2005). These substrates are rich in
biomass and mineral nutrition which are
absorbed by mushroom hyphae and good
quality fruit bodies are formed. The substrate
can be used as single or in combination (Badu

et al., 2011; Tesfaw et al., 2015). From
scientific  studies it is evident that
combination of compatible substrates results
in good yield (Yang et al., 2013; Zireva et al.,
2007).Dhingri cultivation has been serving as
potent solution to the burning of crop residue,
a major concern related to environmental
pollution.

Substrate substitution

The process of replacing rice/ wheat straw
with any other plant residues, or plant
material is known as substrate substitution. In
various experiments, it as been observed that
yield and quality of oyster mushrooms varies
with nutrient status of substrate materials. The
materials which are not sufficient to meet the
requirement for good fruiting body
development, needs to be supplemented with
more nutritive and easily degradable
substrates or agri-wastes (Estrada et al., 2009;
Pardo-Giménez et al., 2012, 2016). The
materials used for substitution are well rotten
compost, seed husk of pulses, oil cakes,
minerals, etc. It is also observed that
composted and non-composted supplement
materials affect yield, differently. In a study,
olive waste from cultivar ‘Alperujo’ after oil
extraction was used for supplementation (with
or without composting) and the results
showed that 20-40% substitution with rice
straw material increased yield potential of
Pleurotus spp. (Carrasco et al., 2018).Similar
trials on substrate supplementation were
conducted with husk of maize, oats, soybean
and peanut shells, alone or in combinations.
The protein content and quality in the
harvested mushrooms was found higher
(Rebecca et al., 2015). The rice straw
substrate can be substituted partially or fully.
The experiments with 100% substitution with
sugar bagasse and corncob husk showed
improvement in mineral, fibre and protein
content of mushrooms (Ortega et al., 1992;
Hoaet al., 2015).
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Nutritional formulation

The quality and production of oyster fruit
bodies can further be enhanced with substrate
amendments using nutritional formulations.
The nutritional formulations are industrially
manufactured compounds consisting organic
proteins, vegetable meals, natural minerals,
rice bran, vermi-wash, etc. which is being
used for advanced production of mushrooms
species.  Commercially, various trade
formulations are available in market for
mushroom growers, to be used at different
growth stages in case of button mushroom
(spawning/ casing) and during substrate
filling in bags in case of oyster mushroom
(Zied et al., 2011; Burton et al., 2015).The
protein, lipid, carboxylic acid and mineral
based commercial products such as Amycel
(Promycel®, Titanium®, Ultimate®, etc.);
Champfood, Lambert (Full House®),etc.are
very popular in market (Chang and Miles,
2004; Gil-Rami'rez, et al., 2013; Burton et
al., 2015).

In European countries, wastes from cotton
seed, poultry, food grain processing units,
vineries,  distilleries,  nitrogenous  and
phosphate fertilizers are also identified as
effective ingredients for substrate
supplementation.  Utilization of low-cost
nutritional formulations increase harvest yield
with minimum inputs (Zied et al., 2011;
Pardo-Giménez, 2016). However, the addition
of supplements results in rise in substrate
temperature which later may lead to death of
mushroom mycelium, it should also be
controlled using mist or air-conditioning. For
best results from supplementation, the
availability of nutrients from substrate to
mushroom mycelium should be at slower
rates, to ensure proper degradation and
assimilation of supplemented material into
substrate. Researches have shown positive
effects of formaldehyde treatments on
reduced nutrient supply rates. It is assumed

that formaldehyde denatures the proteins and
limit the supply of nutrients. The treatment
also inhibits growth of other fungi in the
growing bags during spawning making the
fungi of interest stronger (Carrol and Schisler,
1976). It is evident from recent studies that if
favourable conditions are maintained and
compatible formulations are wused with
substrate materials, the performance of oyster
species can be enhanced to increase total
yield.

Mushroom growth promoting microbes

With advanced research technology, the role
of microorganisms has been recognized in
promotion of mushroom growth. There are
some microorganisms which are proved to
have a positive effect on oyster spawning and
fruiting. The bacteria genera including
Bacillus, Pseudomonas, Azotobacter, etc.
supports mycelial growth and fruiting bodies
development of oyster mushrooms, besides
these bacteria also slows growth of
competitive fungi and moulds, serving as an
alternate for supplementation. However,
knowledge of compatible strains, extent of
culture, and handling is important factors in
successful supplementation as biofertilizers
(Jadhav et al., 2014; Pratiksha et al., 2017).

substrate

Utilization Spent mushroom

(SMS)

Oyster mushroom cultivation is successfully
managing the crop residue problem, but a lot
of used substrate after harvesting mushrooms
is generated, annually approximately 200
billion kg of spent mushroom substrate is
derived, which is enriched with proteinaceous
substances and could be further used as
compost, it has been found that replenishment
of nutrients in the used substrate (spent
mushroom substrate) makes it recyclable for
another cycle of mushroom production. The
spent mushroom substrate from oyster
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mushroom production could be used for
compost preparation for cultivation of button
mushrooms. Ma et al., 2014; Royse et al.,
2017).The SMS is which can be utilized as
compost, and further used as substrate.

After addition of rice or wheat bran to spent
substrate at 10% and 15%, it can be used for
oyster mushroom cultivation again and for
preparation of compost from this waste
manure from animal/ poultry farm is added as
a source of nitrogen and the resulting compost
is utilized for white button mushroom
cultivation with proper disinfection treatments
(Picornell Buendia et al., 2015).

Training and economic support from
government

The government in support of cottage
industries and rural development is promoting
oyster ~ mushroom cultivation.  Several
trainings are being organized by government
bodies to educate rural people about
mushroom farming techniques and marketing
strategies. The government has also provided
subsidies for establishment of production and
processing unit.

National horticulture board (Gurugram,
Haryana), National Horticulture Mission,
Directorate of Mushroom Research (Solan,
Himachal Pradesh), etc. extends support to
those farmers and women who are willing to
start small scale business in mushroom
cultivation. The training programs are not
only for mushroom production, but also for
production of spawn. The spawn production
has also risen as a potential business in the
rural as well as peri-urban areas.

In todays’ world, when everyone one is
urging to become vegan, mushrooms have
paved the way towards being vegetarian. Its
farming can be started with low inputs and
minimum skills, which makes it more suitable

for rural areas. The popularity of its
cultivation is not limited to villages, but the
increasing demand in gourmet restaurants
facilitated it to metro cities also. Now a days,
non-agricultural people are also opting
mushroom cultivation as a beneficial career
than corporate world.

The people are now adopting oyster
mushrooms to their routine diets, therefore,
there is need to develop or identify or
domesticate new species of Pleurotus and

other ~ mushrooms. Along with this
technological advancement for substrate
disinfection, processing and packing is

required. This present review will certainly be
helpful in understanding the importance of
Pleurotus spp. and to focus on future research
aspects.
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