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1. INTRODUCTION

Mushroom is a macrofungus with a distinctive fruiting body which are
large enough to be seen with naked eye and picked by hand. Cultivation of
mushroom has a long history and over twenty species are commercially
cultivated. Among edible mushrooms, Pleurotus species stands second in world
production with 19 per cent contribution to total mushroom production

(Sharma et al., 2017).

Oyster mushroom (Pleurotus spp.) is commonly called as Dhingri in India
because of its oyster like shape. The genus has more than 50 well recognized
species out of which 25 have been reported from India and 12 are cultivated in
different parts of the country. Different species of Pleurotus grow well in wide
temperature and thus suited for year around cultivation in various regions of

tropical country like India.

Owing to their favourable organoleptic, neutraceutical and therapeutic
properties, its popularity is increasing worldwide, particularly in Asia and Europe.
In addition to this, they have high biological efficiency (BE) and significant levels
of proteins (Kalmis et al., 2008), while low in fats, calories, sodium,

carbohydrates and cholesterol (Gupta et al., 2011).

Oyster mushroom is the well accepted one in Kerala, for its broad
adaptability under diverse agro-climatic conditions. There are 15 to 20 species of
oyster mushrooms, reported from Kerala. Moreover, the tropical climate of
Kerala makes it possible to commercially cultivate Pleurotus in a wide variety of
substrates. Thus there are great opportunities in this field which can lead to

enterprise diversification and income generation.

High production and productivity, along with good quality are always the
principal goals for agriculturally important crops and the mushrooms are not
exceptional. The cultivated mushrooms face the problems like loss of genetic
diversity and strain degeneration (Wang et al., 2012). Another hurdle in the

commercial cultivation is that, many high yielding mushrooms have longer
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duration whereas certain others have short duration with low yield. Much of the
work has been done on its cultivation and little attempt has been made to find
genetic variability of species. Thus it is prerequisite to explore and collect diverse
germplasm to develop strains with improved characteristics to make mushroom

cultivation sustainable and highly productive.

Under the above scenario, there is a need on development of improved
strain in Pleurotus spp. to ensure both cultivator and consumer preferences. For
the study, three isolates of Pleurotus spp., Pleurotus djamor (isolate 1), Pleurotus
florida (isolate 2) and a native isolate with 80 per cent similarity to P. florida
(isolate 3), which have wide acceptability in Kerala, were selected. Among the
available isolates, P. florida was a well-known mushroom which needed
maximum days (22 days) for primordial initiation and had 80.08 per cent BE
(Chauhan, 2013). The other native isolate collected also had long duration for
primordial initiation like P. florida, but with higher BE. Whereas P. djamor had
comparatively minimum days (16 days) for primordial initiation and yielded low
(430.5 g kg substrate) with fibrous fruiting bodies in paddy straw (Satpal et al.,
2017; Jose, 2018). The leathery texture of isolate 1 though favours good transit
and packaging, it has less consumer preference compared to isolate 2 and isolate

3, which is having delicate texture.

Strains could be improved through various methods like hybridisation by
spawn mixing, hybridisation by crossing single spores and gamma irradiation
(Anitha, 1998). Hybridisation could induce variability in the existing germplasm
by combining desirable characteristics from different isolates of Pleurotus spp.
Whereas, gamma irradiation induced mutation is one of the convenient methods
for the development of new strains with better quality traits and productivity.
Hence the present study aims at developing an improved strain of Pleurotus sp.
with high BE and short duration from the native isolates by hybridisation and

gamma irradiation, which in turn increase farmers’ revenue.
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2. REVIEW OF LITERATURE

The genus Pleurotus commonly known as oyster mushroom comprises
more than 50 well recognised species and is distributed worldwide.
Pleurotus spp. is second position in world production (19%) following Shiitake

(22%) mushroom (Sharma et al., 2017).

Pleurotus spp. were well appreciated for their neutraceutical properties
like protein, fibre, carbohydrates, vitamins and minerals (Menaga et al., 2012).
Owing to their high nutritional and medicinal property, demand for the same is
increasing. There were around 15 to 20 Pleurotus spp. available for cultivation in
Kerala (Krishnapriya, 2018), of which P. florida, P. eous, P. djamor,

P. sajor-caju and P. citrinopileatus has gained high popularity.

2.1 MORPHOLOGICAL CHARACTERISATION OF SPOROCARP OF
NATIVE ISOLATES

Stamets (2000) reported that Pleurotus spp. was known for its shorter
duration, ability to flourish on wide variety of substrates and temperature. It

preferred tropical and subtropical climate for better performance.

In India, P. djamor (Fr.) Boedijin a new edible species from Tamil Nadu
was first reported by Geetha and Sivaprakasam (1993). P. djamor was also
identified from forest regions of Shimoga and Kodagu of Karnataka (Pandey and
Veena, 2012), tropical moist deciduous forests of Tripura (Das et al., 2014) and
dried acacia tree logs in North Bengal (Roy et al., 2015). Karun and Sridhar
(2016) identified P. djamor from Western Ghat forest of Karnataka.

Bernardo et al. (2004) studied the macro and micromorphological
characters of the genus Pleurotus obtained from field and different national
herbaria in Argentina. Based on morphological features, these were identified as

P. albidus, P. cystidiosus, P. ostreatus, P. pulmonarius, P. rickii and P. djamor.
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2.1.1 Macroscopical Observations

P. djamor var. roseus, was also called as pink oyster mushroom, as it
produced pinkish red coloured sporocarp. It was characterized by spathulate to
flabelliform pileus, lateral short stipe, dimitic hyphal system and leathery nature
(Corner, 1981). Periasamy and Natarajan (2003) reported the margin of wild and
recombinant strains of P. djamor as entire, wavy, petaloid and multiwavy.
Junior et al. (2010) reported that P. djamor (Rumph. ex Fr.) Boedijn, had a pileus
dimension of 70-100 mm X 55-85 mm, with pinkish colour when fresh, and
turning cream or yellowish when dry. The surface and margin was smooth. Stipe
was usually absent or reduced with 5-10 mm length and 4-8 mm stipe width. The
stipe was attached laterally or sometimes eccentric. Lamella was decurrent,
concolorous with the stipe and smooth edge. Shukla and Jaitly (2011) also
observed that P. djamor produced pink colour fruiting bodies having wavy
margins. The average pileus length and width of P. djamor measured was

4.72 cm and 7.40 cm respectively.

Prasad (2008) reported that P. florida had dentate margin with an average
pileus length of 7.12 ¢cm and width 7.40 cm. It had a stipe length 0f 4.62 cm and
stipe width of 1.27 cm. Dhar et al. (2011) described P. florida as a white disc
grew on a thick stipe with decurrent gills extending to the base of the stipe. It had
gracious white colour, with delicate flesh and turgid texture. The pileus of
P. florida had thin margin. The sporocarps of P. florida was offset and fleshy.
The pileus was smooth and laterally attached to the stipe (Dung ez al., 2012).

P. florida produced white fruiting bodies having entire, and enrolled type
pileus margins. Average pileus length and width was 6.71 c¢cm and 7.90 cm
respectively. It produced fruiting bodies with significantly longer stipe (4.80 cm)
compared to P. djamor (0.91 cm). The average pileus thickness of 7. florida was
6.90 mm. It had decurrent, pure white and fleshy fruiting bodies
(Krishnapriya et al., 2017). Whereas Jose (2018) reported the pileus size of

9
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P. florida as 4.5-7.5 cm x 2.5-3 cm. The pileus had a spathulate shape with
laterally attached stipe and its length ranged from 3 cm to 4.5 cm.

2.1.2 Microscopical Observations

Microscopical characteristics of P. djamor were studied by Junior et al.
(2010). Basidiospores produced were cylindrical, thin-walled, hyaline, smooth,
inamyloid and had a dimension of 8.7-11.2 pm x 3.7-5.0 pm. Basidia were
25-26 pm x 5.0-7.5 pm, clavate, four-spored, sometimes two or three spored. It
produced numerous basidioles. Pleurocystidia were not observed. But
cheilocystidia were present with a dimension of 18.7 — 26 pm x 6.2-1 1.2 pm and
was subventricose to clavate. Pileus context was undifferentiated and composed
of thick-walled septate hyphae (3.7-6.2 pm diameter) with clamps. Spore print

obtained from P. djamor was pink and became white or light yellowish when dry.

Acharya et al. (2017) observed gill section of P. djamor under microscope
and recorded the dimensions of basidiospores as 7.87-11.18 pm x 3.73-4.97 pm.
The basidiospore was characterized by oblong, hyaline, inamyloid, thick walled
cell with suprahillar depression. Basidia were narrowly clavate, tetrasterigmatic
with a dimension of 20.71-21.12 um % 4.14-4.56 um. Pleurocystidia were absent
whereas, rostrate to lecithiform cystidium like element cystidiole (25.78-29.4 x
3.73-5.73 pum) was present. Hyphal system was dimitic. Generative hyphae was
hyaline to yellowish brown, thin to thick-walled whereas skeletal hyphae was

blackish, and thin walled with clamp connection.

Biswas et al. (2011) obgerved that basidia of P. florida were 4 spored with
a size of 30-38 um x 6-10 pm. Basidiospores were oblong with 7-10 pm long.
Whereas Das et al. (2015) measured the length and breadth of basidium to be
29.20 pm and 4.10 pm respectively. The basidiospores formed had an area of
15.68 sq. pm.



2.2 RE-ISOLATION AND PURE CULTURING OF SELECTED ISOLATES
AND STUDYING MORPHOLOGICAL CHARACTERS OF THE
CULTURE

Sardar ef al. (2015) studied on the best medium for isolation of
Pleurotus spp. and found that potato dextrose agar (PDA) was superior to all other
media viz., malt extract agar (MEA) and wheat extract agar (WEA). Ahmad er al.
(2015) pure cultured the mycelium of P. djamor on PDA, MEA, potato yeast
dextrose agar (PYDA) and yeast extract agar (YEA). Among the media used,
yeast extract agar medium was found to be the best for the growth of P. djamor.
Krishnapriya (2018) identified potato dextrose peptone agar (PDPA) medium as
the best medium compared to PDA, MEA, oat meal extract agar (OMA) and
carrot extract agar medium (CEA) for the three isolates, P. cystidiosus coremial,

P. cystidiosus non-coremial and P. opuntia.

Guadarrama-Mendoza et al. (2014) observed a direct relationship between
mycelial morphology and growth rate. Cottony mycelium presented significantly

higher growth rates in comparison to floccose mycelium.

P. djamor recorded maximum growth of 75.33 mm after 8 days of
incubation in 6 h light and 18 h darkness and the lowest radial growth of 30.5 mm
when the light and darkness duration was same (Chauhan and Gupta, 2017).

P. florida completed its growth in 7.30 days on PDPA medium and
produced pure white, thick mycelial growth (Krishnapriya et al., 2017).
Kumar ef al. (2018) measured average mycelial growth of 65.36 mm on wheat
extract agar six days after inoculation followed by PDA (56.01 mm) and MEA
(56.01 mm). P. florida had maximum radial growth (63.68 mm) at temperature
22.5°C followed by 25°C, with 60.15 mm radial growth.
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2.3 STUDIES ON STRAIN IMPROVEMENT BY HYBRIDISATION
THROUGH SPAWN MIXING

Development of new strains could be attempted by hybridisation through
spawn mixing. In such a hybridization program, the selection of appropriate
parents to be used is essential (Bertan et al., 2007) since, the productivity as well
as quality of edible mushrooms mainly depended on the genetic makeup of the

strain (Kaur and Sodhi, 2012).

Pandey et al. (2016) reported spawn running period of 18-19 days for
P. djamor. Tt needs 6-7 days for first harvest after complete spawn run with
cropping period ranging from 18-32 days. Whereas, Suresh ef al. (2017) observed
spawn running period of 12.33 days and the results were found in accordance with
the findings of Satpal et al. (2017). In this study, it was also reported that
P. djamor produced a maximum yield 0f430.5 g kg of dry paddy straw.

Ram and Thakur (2005) reported that in P. florida spawn running period
ranged between 10-12 days whereas P. djamor had around 11 days. According to
Prasad (2008), spawn running days of P. djamor and P. florida on paddy straw
was 13.5 and 13 days respectively. Number of sporocarps produced as 85.38 and
75.40; average sporocarp weight as 5.54 g and 8.66 g; and BE as 47.33 and

65.35 per cent were recorded for P. djamor and P. florida respectively.

Primordial initiation in P. florida was reported after 16 days of mycelia
colonization and harvested the same in next four days. The total cropping period
ranged from 54-60 days (Ram and Thakur, 2005). The BE of P. florida in paddy
straw substrate was 78.82 per cent (Patidar, 2008). Gaitan-Hernandez and
Salmones (2008) reported, the duration for spawn ramification for Pleurotus
species ranged from 20 to 30 days. Mondal et al. (2010) also observed an
average of 24 days for completion of mycelial running of P. florida in rice straw.
The pinheads appeared eight days after the complete spawn run. He also observed

that the morphological characters like pileus diameter, thickness and length of
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stipe decreased in successive flushes. Whereas Kalaw and Albinto (2014)
recorded that P. florida completed spawn run and pinhead formation in 19.13 and
21.9 days respectively, with BE of 28.87 per cent on the substrate, composted rice

straw and sawdust at ratio 7:3.

Manimuthu and Rajendran (2015) recorded primordial initiation of
P. florida in 19 to 23 days and harvesting was done at 23", 33 and 43" day after
bed preparation. Total cropping duration of P. florida was 43 days on paddy
straw. According to Sumi (2016), P. florida had BE of 97.6 per cent on paddy
straw. Patar et al. (2018) compared the growth performance of P. florida and
P. sajor-caju grown in wheat straw substrate. The crop period reported was 43
days and 49 days respectively. P. florida recorded BE of 136.3 per cent whereas

P. sajor-caju had 94 per cent.

The development of interspecific hybrids which assemble the desired
characters from different strains can yield eminent strains. However, the ability to
bring together such traits in one hybrid strain leads to the best aggregation of
genetic material for the production of high yielding mushrooms. The recombined
culture of P. sajor-caju and P. florida produced creamish sporocarp which yielded
superior to one of the parent P. florida and on par with P. sajor-caju
(Anitha, 1998). Whereas it was also concluded that, strain mixing by mixing of
spawn of two different species does not ensure recombination as many other
recombinant cultures showed poor performance compared to their parents.
Chakravarty (2011) reported that mixing fertile strains produced hybrids but their

identification was often difficult.

2.4 STUDIES ON STRAIN IMPROVEMENT BY HYBRIDISATION
THROUGH CROSSING OF SINGLE SPORE CULTURE

A successful mushroom breeding depends on the genetic information on
inheritance and major quantitative traits associated with yield, maturity period and

other economic traits of breeders concern (Gregorio, 2002). The bifactorial
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inheritance, observed in Pleurotus species, indicated the possibility of high degree
of genetic variability. Cross-breeding and the development of improved strains
have proved to be one among the most promising method, and thus gained a lot of

popularity (Fan et al., 2006; Kim et al., 2011).

Bresinsky et al. (1987) claimed that high amount of variability was
generated by intermating different strains of Pleurotus. Bahukhandi and Sharma
(2002) observed that the monokaryon obtained in the Pleurotus spp. viz.
P. sajor-ca)’u, P. sapidus and P. cornucopiae could be differentiated from
dikaryotic mycelium, by their slower growth, often limited to inoculum. Also
these lacked clamp connection and they did not produce fruiting bodies, during
cultivation. Monospores of Pleurotus spp. were incubated at 25°C for 7-10 days
and the mycelia developed were confirmed as monokaryons, since it lacked clamp

connections (Jaswal ef al., 2013).

Kothe (2001) confirmed two genetic loci namely A and B that control the
mating type in heterokaryotic mushrooms like Pleurotus. Mating types of the
monokaryotic isolates were analyzed using two-point inoculation technique
(Kotasthane, 2003).  Gharehaghaji et al. (2007) observed that mating
compatibility between monokaryons with high radial growth was generally high,
with 63 per cent or more. A lower per cent of compatibility was observed for
crosses between single-spore isolates with low radial growth. Pairings were
derived from compatible thick mycelium of monokaryons, whereas all crosses
between fluffy monokaryotic mycelium were incompatible, thus not considered as
a desirable character for mating studies. Guadarrama-Mendoza et al. (2014) also
found that mycelial morphology could be used as criteria for the selection of
compatible pairs in hybridization studies. They also suggested to select fast
growing cottony single spore cultures for the production of fast growing hybrid

strains.

Bahukhandi and Sharma (2002) carried out interspecific hybridization

between P. sajor-caju, P. sapidus and P. cornucopiae for obtaining improved
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strains. Based on phenotype, the resultant hybrids were categorized into two
groups. First group consisted of hybrids which had similarity with their parents in
appearance, yield and colour. The second group hybrids had blended characters
of their parents and yield potential more or less similar to the parents. The hybrid
obtained by crossing P. sajor-caju and P. cornucopiae resulted in 23.3 per cent
more yield compared to their parents. The shape and size of the fruiting body was
similar to P. sajor-caju while the colour was white resembling to P. cornucopiae.
The hybrid completed spawn run and cropping period in 15 days and 31 days
respectively. The total crop yield from the hybrid was significantly high

compared to the parents and had a shorter cropping period.

Interspecies hybridization between P. florida and P. eous had been
attempted by Sawashe and Sawant (2005). The hybrid cultures formed by mating
showed faster mycelia growth than their parents. The average size of the hybrid
fruiting bodies was intermediate of both the parents, while the stipe length and

average weight increased with respect to P. eous but was on par with P. florida.

Prasad (2008) studied the morphological and biochemical variability of
five Pleurotus spp. viz. P. sajor-caju, P. djamor var. roseus, P. florida,
P. flabellatus and Hypsizygus ulmarius. On the basis of yield and quality
parameters, four Pleurotus hybrids viz. A1B5 (P. sajor-caju x P. djamor), A1C2
(P. sajor-caju x P. florida), A11D6 (P. sajor-caju x P. flabellatus) and F4H4
(P. florida x H. ulmarius) were selected. Hybrid A1BS produced fruiting bodies
with long stipes (4.50 cm), while hybrid A1C2 produced fruiting bodies with
maximum pileus width (8.20 ¢cm) which was significantly longer than the parents.
All the hybrids yielded significantly superior compared to their respective high
yielding parents. Among the hybrids, A1C2 found to be the best which produced
maximum yield (1536.90 g kg™ dry substrate) and number of sporocarps (140.6)
with higher protein content (28.75 %) and lower total soluble sugars content

(15.25 %).



Kumara and Edirimanna (2009) observed that the hybrids obtained from
American and Lanka oyster had no significant difference in the morphology of
fruiting body and the BE was found to be low. Jaswal er al. (2013) conducted
interspecific hybridisation between P. florida PAU-5 and P. sajor-caju PAU-3.
Out of 35 Pleurotus hybrids, 20 resembled with the parent P. florida PAU-5 while
8 were close to P. sajor-caju PAU-3 with slight difference in pileus morphology.
Five Pleurotus hybrids were identified based on yield and desirable characters.
Pleurotus hybrid no. 8 and 37 exhibited morphology different from the parent
strains while Pleurotus hybrid no. 16 and 46 were similar to the parent
P. sajor-caju PAU-3 but had higher whiteness index. Pleurotus hybrid no. 42 was
morphologically similar to P. florida PAU-5 and had 51 per cent higher BE.

Guadarrama-Mendoza et al. (2014) studied on two native Pleurotus spp.
strains, white LB-050 and pale pink LB-05. These were chemically
dedikaryotized to obtain their symmetrical monokaryotic components. The
taxonomic study revealed that LB-050 belongs to P. djamor var. djamor while
LB-051 belongs to P. djamor var. roseus. As a result of hybridization, 44.6 per
cent of the hybrid strains were white resembling LB-050 strain and 26.80 per cent
of the hybrid strains inherited the pink pale colour of LB-051 strain. The
remaining 28.60 per cent of hybrids had an off-white colour. The result suggested
that pairing of white monosporous cultures always produced white myecelia,
whereas pale pink monosporous culture paired with white ones produced pale

pink mycelia.

Tagavi et al. (2016) hybridised P. florida and P. eryngii, and found that
only four combinations were consistent and successful, which were named as H1,
H32, H11 and H40 hybrids. H40 was the best hybrid based on cap diameter, dry
and fresh weight of fruiting body, yield and biomass; and was morphologically

similar to P. eryngii.

Abdulgani et al. (2017) carried out hybridisation between P. pulmonarius

and P. citrinopileatus. The hybrids developed had superior qualities of
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P. pulmonarius viz., large fleshy pileus with rigid stipe and cluster-type growing
pattern of P. citrinopileatus. Besides, the hybrids had shorter spawn run period,
higher yield and increased BE compared to the two parental strains.
Phenotypically the hybrid strains were more similar to P. pulmonarius. The
hybrid P19 x C5 had the superior characteristics like faster mycelial growth and
thick colony; and produced sporocarps with fleshy texture, bigger pileus and good
aroma. Spore print analysis of the hybrid P19 x C5 revealed that the spore load

was low compared to P. pulmonarius.
2.5 STUDIES ON STRAIN IMPROVEMENT BY GAMMA IRRADIATION

Mushrooms were subjected to mutation studies to obtain better quality
traits and productivity. Through induced mutation by ionizing radiation, desirable
strains were selected from diverse strains (Fan et al., 2006). The desired mutant
strains were economically beneficial viz., resistance to pathogen and pests, higher

yield, etc. (Djajanegara and Harsoyo, 2008).

Strong ionizing radiation like X-rays and gamma rays cause single- and
double-stranded breaks in the DNA backbone through the formation of hydroxyl
radicals on radiation exposure. lonizing radiation modified bases; for example,

the deamination of cytosine to uracil (Tindall et al., 1988).

Anitha (1998) reported that gamma radiation in P. florida culture at 2 and
2.5 kr level resulted in higher yield than other levels of irradiation ranging from
0.25 kr to 2.5 kr. Compared to basidiospores of Pleurotus spp., genetic
similarities of the mycelium were altered easily and dose dependently by gamma
irradiation (Young-Keun and Hwa-Hyoung, 1999). To induce the lignocellulolytic
mutants of P. ostreatus, the mycelia was gamma irradiated at 1 and 2 kGy. The
isolated strains exhibited 10 times higher extracellular enzyme activities in liquid

media compared to the control (Lee ef al., 2000).

Grodzinskaya and Mikheev (2001) observed three to five days of

acceleration in primordial formation at minimum (25 Gy) and maximum (200 Gy)
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dose of irradiation in P. ostreatus. 1t was concluded that two levels of stimulating
doses might be due to two mechanisms of radio-stimulation related to reparation

processes or acceleration of vegetative growth.

Ravichandran and Muthusamy (2005) exposed spores of P. florida at 3 kr
to get maximum yield, and above 3 kr, there was reduction in yield. In P. florida,
three putative mutants were developed by Djajnegara and Harsoyo (2008) using
gamma rays at 0.75 kGy with dose velocity of 1.149 kGy h'. Among three, one
mutant had significantly higher antioxidant content and the other had higher
productivity compared to the control. In order to induce mutants with improved
characteristics, Beejan and Nowbuth (2009) selected five parent strains of
Pleurotus. The selected strains were two P. sajor-caju strains, CC 46 and CC
116, which had good performance at low temperatures (16°-19°C), P. columbinus
(CC 66) and Pleurotus hybrid (CC 71) having good mycelial growth rate at higher
temperatures (28°-31°C) and the commercially cultivated P. sajor-caju CC 114.
These were subjected to gamma irradiation ranging from 5 to 400 Gy using a
134Cs radioisotope. Stimulatory effects on mycelial growth rate and crop yield
were observed at the irradiation dose 0.2 kGy. Gamma irradiation did not result
in any change in pileus colour and morphological characters of the selected

isolates. However, the observed beneficial effects were not consistent.

Irradiation of P. ostreatus by 1 kGy resulted in an increased metabolism,
glucan synthesis, BE and energy content (Dawoud and Taleb, 2011). Rashid et al.
(2014) inferred that the recommended dose of gamma irradiation for mutation
induction in mycelium of P. sajor-caju was less than 2.2 kGy. When irradiated at
0.6 kGy, the promising mutants increased BE over the parent. The results also
revealed that, growth rate of irradiated mycelium were slightly lower than the
control but the growth rate decreased significantly as the dose increased. Whereas
BE of P. sajor-caju increased by 23.10, 33.68, 38.05, 36.80 and 39.82 per cent as
the irradiation dose increased from 0 (control), 0.1, 0.2, 0.4 and 0.6 kGy
(Rashid et al., 2016). Irradiation also resulted in increased number of fruiting

bodies, with no significant difference in size of fruiting bodies.
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Mycelia of straw mushroom were gamma irradiated at 0.25, 0.5, 0.75, 1.0,
1.25 and 1.5 kGy (Sermkiattipong and Charoen, 2014). Among 13 isolates of
stable mutants, No.0.25-17 irradiated at 0.25 kGy was the best mutant with

significantly high BE with a shorter cultivation period over the parent strain.

Mycelial growth of milky mushroom cultures treated with low dose
(10 Gy) was faster than that of unirradiated cultures while high doses (250,
500,750, 1000 Gy) inhibited the mycelial growth significantly. One among the
mutant CI-2, which was irradiated at 10 Gy completed the mycelial growth in a
shorter time (9.00 days). As radiation dose increased over 250 Gy, the growth
rate gradually decreased and reached minimum at 1000 Gy (Abou-Elftouh e al., 2016).

2.6 COMPARISON OF THE BEST CULTURES

2.6.1 Yield

Dhar (2018) conducted interspecific hybridisation in Pleurotus spp. and
developed hybrids of P. sajor caju x P. flabellatus, P. djamor X P. sajor caju and
P. djamor x P. flabellatus. All the third generation selected hybrids between the
three combinations were compared to their parents. Hybrids produced pinheads in

minimum days with improved yield compared to their parents.

2.6.2 Proximate Constituents of Pleurotus spp.

Oyster mushrooms have been cultivated since ancient times for their
nutritional value, flavour and texture. Chattopadhyay et al. (2014) claimed that
Pleurotus spp. was rich in carbohydrates, proteins, vitamins, minerals and crude

fibres.

2.6.2.1 Estimation of Moisture Content

Generally mushrooms contain 90 per cent water and 10 per cent dry
matter. The moisture percentage of Pleurotus spp. varied among different species

and it depended on parameters like stage of harvest, growing environment and
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storage conditions (Reis ef al., 2012). Agarwal et al. (2017) reported the moisture

content in oyster mushrooms ranged from 85 to 90 per cent.

P. florida cultivated in cotton waste material recorded 77 per cent moisture
content (Khan ef al,, 2011). Ashraf et al. (2013) reported that P. djamor had a
moisture per cent of 82.77, when cultivated in paddy straw. Bora and Kawatra
(2014) recorded 91.80 per cent moisture content in P. florida. Similar result in
P. florida (91.50 %) was reported by Maftoun et al. (2015) and for P. djamor
moisture content recorded was 82.21 per cent. On fresh weight basis, the
moisture content of P. citrinopileatus, P. florida and P. sajor-caju was 90, 90.8
and 87.84 per cent respectively (Shevale and Deshmukh, 2016). Jose (2018)
recorded the moisture per cent of 66.95, 84.92, 88.38, 89.28 and 91.10 in
Ganoderma lucidum, P. florida, P. djamor, H. ulmarius and Calocybe indica

respectively.

2.6.2.2 Estimation of Carbohydrate

Carbohydrate constituted the major component (46.6-81.81 %) in dry
matter of Pleurotus spp. (Bano and Rajarathnam, 1982). It is present mainly in
the form of polysaccharides, chitin, glucans and hemicellulose. Khan and Tania
(2012) reported that polysaccharide content of Pleurotus spp. ranged from 36 to
60 g per 100 g of dry weight. Similarly, Deepalakshmi and Mirunalini (2014)

recorded 50-60 per cent carbohydrate content in Pleurotus spp.

Alam et al. (2008) estimated the carbohydrate content of P. ostreatus
(37.80%), P. sajor-caju (39.82%), P. florida (42.83%) and C. indica (48.50%).
Similarly, Ahmed et al. (2009) also reported 55.50 per cent carbohydrate content
on dry weight basis in P. florida. Whereas, Pushpa and Purushothama (2010) and
Menaga et al. (2012) recorded comparatively lower carbohydrate content i.e.,
32.08 per cent and 26.6 per cent in P. florida on dry weight basis. Carbohydrate
content of P. djamor, pink Pleurotus isolate, white Pleurotus isolate and

P. cystidiosus were 50.59, 51.41, 53.22 and 33.43 per cent respectively (Pandey
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and Veena, 2012). Ashraf et al. (2013) reported 37.69 per cent carbohydrate
content on dry weight basis in P. djamor. Likewise, Bora and Kawatra (2014)
recorded 47.20 g per 100 g of P. florida. Selvakumar et al. (2015) analysed the
carbohydrate content in P. ostreatus var. florida, P. djamor var. roseus and their
hybrid as 49.80, 45.20 and 50.10 per cent respectively. On different sawdust,
P. ostreatus had carbohydrate content ranged from 39.67 to 42.36 per cent
(Bhattacharya et al., 2015). Maftoun et al. (2015) recorded 58 and 59.90 per cent
carbohydrate in P. florida and P. djamor respectively. Jose (2018) reported that
G. lucidum, P. florida, P. djamor, H. ulmarius and C. indica had 39.19, 26.68,
26.59, 30.87 and 46.17 per cent carbohydrate content respectively.

2.6.2.3 Estimation of Protein

Edible mushrooms are considered as ‘poor man’s protein’. Protein content
in Pleurotus spp. ranged from 8.9 to 38.7 per cent on dry weight basis
(Kurtzman, 2005). Chang (2008) reported that mushrooms ranked above

vegetables, fruits and milk in protein content.

Alam et al. (2008) reported 23.91, 24.63, 20.56 and 21.40 per cent protein
content on dry weight basis in P. ostreatus, P. sajor-caju, P. florida and C. indica
respectively. Pandey and Veena (2012) recorded that P. djamor, pink Pleurotus
spp., P. cystidiosus and white Pleurotus spp. contained 29.81, 30.87, 24.56, 24.68
and 36.25 per cent protein content respectively. Khatun et al. (2015) reported that
P. florida had higher protein content (23.80%) followed by P. citrinopileatus
(20.80%) and P. pulmonarius (16.80%). Protein content of H. ulmarius,
P. florida, P. sapidus, P. citrinopileatus, P. djamor, P. flabellatus and P. platypus
were 33.60, 33.5, 32.50, 32.30, 30.60, 30.30 and 28.30 per cent respectively
(Mishra et al., 2015).

Ahmed et al. (2009) reported that P. florida cultivated in paddy straw had
22.40 per cent protein content on dry weight basis. Similar reports on protein

content (23.18 %) was reported by Pushpa and Purushothama (2010). Khan ef al.
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(2011) recorded that protein content in dried fruiting bodies of P. florida was
38.86 per cent, when cultivated in cotton waste material. Whereas, higher protein
content of 50.70 per cent in P. florida was reported when cultivated in paddy
straw (Menaga et al., 2012). According to Bora and Kawatra (2014) crude protein

content of P. florida was 27.29 per cent on dry weight basis.

Selvakumar ef al. (2015) estimated the proximate composition of protein
in P. ostreatus var. florida, P. djamor var. roseus and their hybrid, cultivated in
paddy straw. Maximum amount of protein content was recorded in the hybrid
(29.40%) followed by its parents, P. ostreatus var. florida (27.90%) and
P. djamor var. roseus (25.10%).

Shukla and Jaitly (2011) reported 20.83 and 20.40 per cent protein content
in P. florida and P. djamor. According to Ashraf et al. (2013), protein content
estimated in P. djamor was 24.83 per cent. Maftoun ez al. (2015) recorded higher
protein content in P. florida (27 %) compared to P. djamor (15.60%).

2.6.2.4 Estimation of Crude Fibre

Alam et al. (2008) claimed that Pleurotus spp. were good source of dietary

fibre, due to the presence of non-starch polysaccharides.

Khan et al. (2008) reported 26.20, 27.00, 26.80, 25.50 and 26.30 per cent
fibre content on dry weight basis in P. sajor-caju, P. ostreatus, P. florida,
P. cystidiosus and P. geestaranus respectively. Alam et al. (2008) recorded the
fibre content in P. ostreatus (24.34%), P. sajor-caju (22.87%), P. florida
(23.29%) and C. indica (12.9%). Crude fibre content of P. djamor, pink
Pleurotus sp., white Pleurotus sp. and P. cystidiosus estimated by Pandey and

Veena (2012) was 13.20, 27.80, 5.10 and 4.90 per cent respectively.

Crude fibre content of P. florida was estimated as 8.10 per cent

(Ahmed ef al., 2009). Whereas, Pushpa and Purushothama (2010) reported higher



crude fibre content (23.18%) in P. florida. According to Bora and kawatra
(2014), the crude fibre content in P. florida was 11.87 g per 100g of dry weight.

Ashraf et al. (2013) reported that P. djamor contained 22.03 per cent crude
fibre. Whereas, Maftoun et al. (2015) estimated the crude fibre content in
P. florida and P. djamor as 11.50 and 17.20 per cent respectively. Usha and
suguna (2015) reported that fibre content in blue oyster mushroom ranged from
17.45 to 19.45 per cent. The fibre content of P. ostreatus var. florida, P. djamor
var. roseus and their hybrid was analysed and recorded as 7.56, 9.10, 7.85 per cent

respectively (Selvakumar et al., 2015).
2.7 INCIDENCE OF PESTS AND DISEASES

Fungal and bacterial contamination was one among the major constraints
in spawn and mushroom production faced by mushroom growers all over the
world. Such infections were facilitated by the conditions under which mushroom
cultivation was commonly carried out such as warm temperatures, humidity,

carbon dioxide (CO2) and presence of pests (Bellettini et al., 2018).

Jaivel and Marimuthu (2010) reported that Trichoderma, Aspergillus and
Rhizopus were the predominant microorganisms on oyster mushroom bed and
their occurrence was severe in summer and spring seasons, than autumn and
winter. While, Biswas and Kuiry (2013) observed that Aspergillus niger,
Coprinus sp., Penicillium sp., and Sclerotium rolfsii were the most predominant

fungal contaminants of mushroom beds of P. florida.

Biswas (2016) also reported the occurrence of contaminants viz.
T. harzianum, Penicillium notatum, A. niger, Coprinus spp., Mucor sp., Rhizopus
sp., and S. rolfsii in mushroom beds. It was also found that, T. harzianum,
P. notatum, S. rolfsii and Coprinus spp. were the most dominant fungal
contaminants. The incidence of the contaminants were minimum during January
(2.86%) and it was increased considerably with the fluctuating climatic conditions

and reached its peak during June (32.8%). Thereafter, a decline trends in
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contamination per cent was noticed. In conformation with the above
observations, Kumar and Sarathi (2017) also noted the occurrence of eight
contaminants in Pleurotus mushroom beds and out of which 7. viride, A. niger,
and Coprinus sp. were found to be the dominant fungal contaminants. The
incidence was high during May to July (23.5 - 26.7%) and it caused maximum
loss to mushroom yield. The incidence of contaminants were minimum during
December and January (3.60%) and maximum during the month of May (26.5 %).
Qiu et al. (2017) isolated T. asperellum from contaminated substrate of
P. ostreatus with green mold disease. They found a positive correlation between
high temperature and colonization of mushroom mycelia by T asperellum.
Krishnapriya (2018) observed fungal contaminants like Trichoderma sp.,
Aspergillus sp. and Penicillium sp. during cultivation of P. cystidiosus and

P. opuntiae.

Lim et al. (2008) isolated eight distinct bacterial genera viz., Bacillus,
Enterobacter, Sphingomonas, Staphylococcus and Moraxella from the diseased
mycelia of P. eryngii. According to Kim et al. (2015), the bacterial pathogen
Pantoea sp. caused severe soft rot disease in king oyster mushroom, P. eryngii.

The symptoms included water-soaked lesions and soft rot.

Another limiting factor for the proper development of mushrooms were
the presence of insects, mites, crustaceans, mycetophagous arthropods and wood
substrate decomposers. Singh and Sharma (2016) documented major insect pests
of Pleurotus mushrooms as phorids, cecids, mites (tarsonemid-mites, red pepper
and tyroglyphid mites), springtails and beetles. Jose (2018) observed insects like
Megaselia sp., Lycoriella sp. and thrips on the beds of oyster and milky
mushroom. Sumi (2016) recorded insect pests like, phorid flies, staphylinid
beetles and springtails during the cultivation of H. ulmarius. Occurrence of pests
like phorid flies, springtails, black ants and staphylinid beetles were also reported
by Krishnapriya (2018) on P. cystidiosus and P. opuntiae.
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Flies which belonged to eight dipterous families Calliphoridae, Culicidae,
Drosophiladae, Cecidomyiidae, Muscidae, Mycetophilidae, Phoridae and
Sciaridae infested mushroom and transmitted diseases in mushroom. They
derived nutrients from fruiting bodies and carried fungal contamination, bacteria
diseases and mites. Another most dangerous pests were nematodes. Button
mushrooms were  susceptible  to  nematode  infestation  while oyster
mushrooms were relatively resistant. Tarsonemus spp. and Histiostoma spp. were
the major mushroom damaging mites. Their population build up was maximum
under high humidity of 90 per cent and at temperature 25-30 °C. Webs were
formed between the cultivation shelves and fruiting body. Mites fed on mycelia
and fruiting bodies, causing reduced yield and quality of mushroom

(Bellettini et al., 2018).

2.8 RANDOM AMPLIFIED POLYMORPHIC DNA (RAPD) ANALYSIS

The variations in new strains, owing to considerable developmental
plasticity of fungi, are not always expressed in terms of morphological
divergence. The morphological characters of a fruiting body were influenced by
environmental conditions (Rabbani et al., 2010). Also some isolates of
P. ostreatus complex belonging to different species showed morphological
similarity (Asef, 2012). Hence the classification entirely based on morphological

characteristics is not reliable.

The limitation of identification of mushroom strains based on a few
morphological features can be overcome by use of modern molecular techniques.
Nowadays different techniques like molecular markers of rDNA sequencing,
RFLP (restriction fragment length polymorphism), RAPD (random amplified
polymorphic DNA), microsatellite and mitochondrial genotypes are used to
discriminate mushroom strains. These technologies provide reliable data for
mushroom strain identification and protection. Avin et al. (2012) stated that such
molecular markers were used to verify the taxonomic position of the strains. Thus

molecular biology techniques provided a useful and a reliable methodology for



systematic classification and analysis of genetic polymorphism in mushrooms
(Avin et al., 2016). RAPD fingerprinting had been used for genetic diversity
analysis, varietal identification and strain protection in various field crops

(Yadav et al., 2017).

For discrimination of various mushroom strains, Rehman et al. (2015)
used RAPD markers. They recommended that the marker assisted in strain
identification and also in protection of elite strains. According to Yadav et al.
(2017) RAPD analysis was the most sensitive and powerful tool for genetic

variation assessment at DNA level among Pleurotus species.

RAPD analysis was first developed to detect polymorphism between
organisms, to produce genetic markers and to construct genetic maps
(Williams ef al., 1990). High level of genetic diversity got revealed when RAPD
markers were used for genetic similarity analysis and grouping. Khush er al.
(1992) used RAPD analysis to differentiate the strains of a variety of

homobasidiomycete mushrooms.

A study on radiation sensitivity using RAPD revealed that 2 kGy of
gamma irradiation in the basidiospores of P. ostreatus changed 22-25 per cent of
genetic similarity whereas 23-36 per cent in the irradiated mycelia (Young-Keun

and Kwa-Hyoung, 1999).

The RAPD patterns of the control and five strains (PO-5, PO-6, PO14,
PO-15 and PO-16) of P. ostreatus gamma irradiated at 1 and 2 kGy were analysed
by Lee et al. (2000) using ten 10-base primers. Ten primers produced
polymorphism in all six strains tested. It produced 3-8 bands ranging from 0.3 to
4.5 kb. The genetic similarities of the three strains PO-5, PO-6 and PO-14
decreased to 93, 91 and 73 per cent of the control, respectively. The genetic
similarities of the two strains PO-15 and PO-16 from 1 kGy re-irradiation group
of PO-14, decreased to 91 and 82 per cent of PO-14 strain and to 77 and 64 per

cent of the control, respectively.
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Staniaszek er al. (2002) analyzed the genetic relationship between 26
strains of A. bisporus using RAPD method and reported that there was great

genetic similarity among the examined strains.

Chandra et al. (2010) determined the genetic divergence of eight Indian
species of Pleurotus based on RAPD pattern. Result revealed that all the species
tested were differentiated by RAPD analysis and even one individual primer
(OPD-07) alone discriminated all the tested species. Genetic similarity analysis
and grouping also revealed a high level of genetic diversity. Sarker er al. (2011)
analysed RAPD fingerprinting of four different species of oyster mushroom ie.,
P. djamor, P. florida, P. ostreatus and P. salmoneostramineus. Based on the
dendrogram drawn, two major clusters C1 and C2 were generated. Out of six
random primers, the maximum polymorphism was observed by the primer
OPA 09 (18.18%). The two species, P. djamor and P. ostreatus were observed to

be least similar having value 43.00 per cent.

Gupta et al. (2011) observed very large diversity at both phenotypic and
genotypic level when 42 isolates (10 di- and 32 monokaryotic isolates) of
Pleurotus spp., P. sajor-caju, P. florida, P. eous and one wild relative of
Pleurotus called H. ulmarius were analysed with RAPD genetic markers. It
provided the basis for monokaryon selection for the development of high yielding
hybrids. Khan et al. (2011) analysed seven strains of Oyster mushrooms,
P. platypus (P-6), P. flabellatus (P-7), P. florida (P-17), P. ostreatus (P-19),
P. sajor-caju (P-56), P. warm-stram (P-9) and P. eryngii (P-16) using RAPD.
Out of 14 random primers, the maximum polymorphism was observed by primers
OPL3 (72.70 %) and OPL11 (70%). The dendrogram based on RAPD analysis
generated three clusters A, B and C. The two species P-56 and P-17 were

observed to be the most similar having 86 per cent similarity.

Mishra e al. (2012) in his study on ten Pleurotus species, P. sajor-caju,
P. flabellatus, P. platypus, P. fossulatus, P. florida, P. citrinopileatus, P. sapidus,

P. djamor, P. ostreatus and H. ulmarious, observed unique banding pattern
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obtained from 40 decamer primers. He also observed that, some of the RAPD
primers were specific in distinguishing the Pleurotus species. RAPD markers
showed polymorphism percentage of 98.69 and genetic similarity ranging from 22
to 98 per cent. Genomic discrimination of nine commercial mushrooms
A. bisporus, P. eryngii, L. edodes, H. tessellatus, F. velutipes, P. ostreatus,
P. djamor, C. indica and P. florida, by DNA fingerprinting using RAPD marker
was studied by Agarwal et al (2013). Cluster analysis was performed with
weighted pair-group with arithmetic average (UPGMA) by Alpha Imager HP.
Two main clusters were observed in the dendrogram, where P. ostreatus exhibited
least similarity with all the other samples, whereas P. florida and P. djamor

shared same morphological or physiological characteristics.

A new hybrid strain of P. eringii along with its parents were amplified
with RAPD primers and resulted in three polymorphic amplicons in the hybrid.
This ensured the hybridity as well as the identification of new hybrid strain
(Kim et al., 2013). Abdulgani et al. (2017) carried out hybridisation between P.
pulmonarius and P. citrinopileatus. Further analysis via RAPD confirmed that

the five hybrids developed had high genetic homology with P. pulmonarius.

Yin et al. (2013) observed 94-99 per cent polymorphism in genetic
diversity of 15 Chinese P. pulmonarius cultivars. The genetic variability, pileus
colour and yield of four commercial strains of P. ostreatus POS 98-38, POS 09-
100, POS 09-101 and POS 09-102 were evaluated using RAPD markers
(Vieira et al., 2013). Molecular characterization exhibited two different groups,
with 69 per cent similarity between them. Within the group containing three
sample strains POS 09-100, POS 09-101 and POS 09-102, it had similarities of 93
per cent, which recorded light grey colour pileus and yield statistically different,
relative to the second group. The second group was formed only by strain POS
98-38, which had dark grey pileus and lower yield than the first group. A total
eight Pleurotus spp. when tested for their genetic variability by RAPD analysis,
using six random primers, diversities ranged from 30 to 70 per cent

(Yadav ef al., 2017). When Khan et al. (2017) analysed seven strains of Oyster



mushrooms, similarity index ranged from 45 to 72 per cent whereas
polymorphism ranged from 0 to 83.33 per cent, with an overall polymorphism of

58 per cent.
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3. MATERIALS AND METHODS

The experimental studies pertaining to “Development of improved strain
in Oyster mushroom (Pleurotus spp.)” was carried out at Department of Plant
Pathology, College of Agriculture, Vellayani, during the period 2017-2019. The
objective of the study was to develop an improved strain from native isolates of

species of Pleurotus. The methodologies used for the studies are described below.

3.1 MORPHOLOGICAL CHARACTERISATION OF SPOROCARP OF
NATIVE ISOLATES

The cultures of native isolates, namely P. djamor, P. florida and an isolate
having 80 per cent similarity with P. florida were collected from mushroom unit
of Instructional farm, College of Agriculture, Vellayani. These cultures were used
for spawn production and bed preparation, to study the morphological

characteristics of sporocarps of Pleurotus spp.

The spawn of the native isolates were made as per the standard procedure
(Sinden, 1934). Paddy grains were used as substrate for spawn production.
Unbroken grains free from diseases and insect damage were thoroughly washed in
clean water three to four times to remove soil debris, straw particles, dust, chaff
etc. Washed grains were then soaked in sufficient water for 20-30 minutes and
were cooked in boiling water until the seed coat just begun to split open. Full
opening of the grain was avoided, as it favoured the growth of microbial
contaminants. The grains were spread on a clear area for drying, after draining
the excess water. The boiled grains after sufficient drying were mixed with
calcium carbonate at the rate of 40 g kg™ of grains, to maintain the pH of the
grains around 7 to 7.8 and to avoid sticking together. These were packed in
polypropylene bags (127%67) at the rate of 300 g per bag and sterilized by
autoclaving at 1.02 kg cm 2 pressure and 121°C for 2 h. After cooling, the bags

were inoculated aseptically with mycelial bits of size lcm x 1 cm from 10 days
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old cultures of species of Pleurotus and incubated at room temperature (26 + 2 oC)

until the mycelium completely covered the grains.

Mushroom beds were prepared as per the procedure described by
Bhaskaran ef al. (1978). Paddy straw was sterilized chemically by soaking in
100 L of water containing 7.5 g carbendazim and 50 mL formalin for 18 hours.
Then the excess water was drained off and the straw was spread over a clean
silpaulin sheet under sun to reduce the moisture content to 60 per cent. The beds
were prepared in polythene bags of 60 cm x 30 cm size. Paddy straw was twisted
and placed in bag. Spawn was laid over the twist towards the sides, over which
paddy straw twists were again laid and spawning was done. Likewise, four layers
were prepared and the upper layer was fully spread with spawn. Each bag was
filled with 1 kg straw (dry weight) and 150 g of spawn. The bags were made
compact, tied at the top and provided with around 15 pin holes for air circulation.
The beds were incubated in dark room with adequate aeration for the spawn run.
After complete spawn run, slits were cut on the bed for primordial initiation. The
fruiting bodies produced were then used for recording the macroscopical and

microscopical observations.

3.1.1 Macroscopical Observations

The sporocarps were observed for the macroscopical characters like pileus
colour, length, diameter, shape, texture, stipe length, stipe wid