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Thirty-three strains of button mushroom (Agaricus bisporus)were procured
from Indian Type culture Collection (ITCC) and evaluated for their cultural characteristics,
fruit body traits and yield potential. The isolates were grown on Yeastral Potato Dextrose
Agar medium and on the basis of cultural characteristics, the strains were broadly divided
into three groups having viz. fast, medium and slow growing colonies. Most of the fast
growing colonies had fluffy mycelium (ITCC-3607, 3614, 3615, 3616, 3697, 3706 and
3708), a few with appressed, patchy and dendric growth characteristics (ITCC-1924, 2075
and 3710), where as slow-growing strains had appressed (ITCC-1929, 3608, 4004, 4291
and 3502), a few with dense (ITCC-1927, 3696, 3709 and 4290) and patchy growth (ITCC-
3609 and 4291). The strains having medium mycelial growth had both fluffy and appressed
mycelium with dense and strandy mycelia. The colour of colonies varied from milky
white, creamy white and snowy white in different strains according to their specific
character. Sector formation were observed in most of the fast (ITCC-1924, 1928, 3607,
3616 etc.), in few medium (ITCC-3554, 3618 and 3741) and slow growing strains (ITCC-
3609 and 3696). Zone formation was observed in ITCC-1926, 1927, 3613, 3615, 3617, 3707
and 3741 and in majority of slow-growing strains. The isolates were cultivated for
sporophores production on wheat straw compost, prepared by long method of composting.
On the basis of yield productivity, the strains were broadly grouped into three categories
viz. high, medium and poor yielding strains. Yield potential of different strains ranged
from 2050g (ITCC-4289) to 15360g (ITCC-3741)/100 kg compost. Fruit body colour also
varied from creamy white, snowy white, milky white, buff white and brown among
different strains. On the basis of compactness, unchanged colour and shelf-life of the
fruit bodies, the strains were divided into three categories, viz. best (13 strains), good (10
strains) and average (9 strains) quality respectively. Fast and medium fast growing strains
(ITCC-1924, 1926, 1931, 2074, 2075, 3554, 3607, 3618, 3708, 3710 and 4288) with fluffy,
strandy and dendric mycelial characters (together with appressed mycelium), produced
high productivity and quality mushrooms than those strains with slow, appressed and
patchy mycelial growth characteristics. A few slow growing strains (ITCC-1927, 3608,
3609, 3611 and 4004), also yielded good quality mushrooms, in spite of their lower yield
productivity.

Key words: Agaricus bisporus, Colony characteristics, Mushroom cultivation,
Strains evaluation, Variability, Yield potential.
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There are a number of parameters for
evaluation of a particular strain of cultivated
mushrooms. Stamets (2000)*8 described 28 features
for evaluation and sel ection for amushroom strain.

* To whom all correspondence should be addressed.

In general, three types of mycelia, namely aerial/
fluffy, slow-growing and strandy have been
reported in fungi (Kligman, 19437; Raper et al.,
1945"). Sigel and Sinden (1953)*¢ added the growth
character of being cottony and fluffy, powdery or
appressed, when growing on the surface of agar
medium. They also recorded various character of
growing mycelium like zonation, color devel opment
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and other abnormalities,since colony
characteristics are influenced by different agar
media, temperatures and manure substratum. Evans
(1959)* suggested that mycelial and sporocarp
variations may be due to irregular nuclear
constitutions of spores and hyphae as basidia of
A.bisporus may produce 2 or 4 spores each, but 2
being most common. These newly produced spores
further, may contain 1-4 nuclei of sister or non-
sister type and before germination may contain as
few asone or asmany as 36 nuclei.

There are reports for evaluating
commercial strains of A. bisporus for production
and quality parameters usingcompost and casing
variablesto get their effect on size, yield and dry
weight of mushrooms (Pardo et al., 2010%;
Schroeder and Schisler, 1981%). Effect of different
environmental factors on mycelial growth and
productivity of different strains of A.bisporuswas
studied by Kaur et al., (2014)® and Tschirpe (1983)2.
De-Andradeet al., (2014)?studied effect of gamma
irradiation on nutritional quality of A.bisporus,
cultivated in different composts, whereas Singh
and Kamal (2011)" studied genetic variability in
single spore isolates and hybridization in A.
bisporus. Thereareanumber of reportsof different
compost formulations and chemical composition
of mushrooms (De-Andrade et al., 2008%; Tewary
and Pandey, 1991%). Shelf life and storage studies
of A. bisporus were conducted by Sharma and
Bahukhandi (2003)* by using different chemicals.
A lot of work have been conducted on
improvement in various parameters i.e. compost
and casing, environmental factor affecting
vegetative and reproductive phase, use of growth
hormones for enhanced and quick growth,
improvementof nutrientsin fruit bodies and post-
harvest losses of various strains of A. bisporus
and A.bitorquis (Prakasam and Singh, 20082,
Mehta, 1988)8. Bahukhandi and Bahl (1991)!
studied cultural characteristics of fourteen strains
of A.bitorquis, suggesting that appressed and
strandy growthispreferred for cultivation of atrait
in general. Pahil etal. (1994)*° suggested that fast
and slow growing dikaryons show no significant
differences in A.bitorquis as slow growing
interstrain dikaryons grew better and produced best
quality fruit bodies. Variations in vegetative and
fruiting stage indicates possible genetic decline or
mutation in mushroom strain, since agood strain
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iseasy to keep and difficult toimpossibletoregain,
ones it senesces (Stamets, 2005)°. Since a large
number of strains of button mushroom are in
cultivation in north Indian plains, thirty three
strains of A.bisporus were evaluated for their
suitability on account of their cultural
characteristics, productivity and quality parameter.

MATERIAL SAND METHODS

For present study various strains/
isolates of Agaricusbisporus (ITCC-1924, 1926,
1927,1928, 1929, 1931, 2074, 2075, 3554, 3607, 3608,
3609, 3611, 3613, 3614, 3615, 3616, 3617, 3618, 3696,
3697,3706, 3707, 3708, 3709, 3710, 3741, 4004, 4288,
4289, 4290, 4291 and 5102) were procured from stock
cultures of The Indian Type Culture Collection
(ITCC), Division of Plant Pathology,|ARI, New
Delhi. These strains were deposited by various
mushroom workers from different sources, i.e.
tissue/multi-spore/single-spore/mutants/hybrids
cultures from different places/countries. These
trains were revived by growing them on freshly
prepared Yeastral Potato Dextrose Agar (YPDA)
and fresh mycelium obtained by hyphal tip method
for further studies. For morphological studies of
strains, their actively growing mycelium was
transferred on Y PDA mediated Petri plates (90mm
dia.) and were placed in BOD incubator at 25°_with
three replicates for each strain. Thelinear growth
of fungus was recorded as an average diameter of
colony after15 daysof incubation. Besidesgrowth,
various characters like appearance, zonation,
colour, sectoring, formation of pigment and
exudation were recorded (Tablel). These cultures
were brought for spawn preparation on wheat
grains by standard method (Munjal, 1973)°. The
wheat grainswereinoculated with 3x1cm bit of 14-
15 days old cultures, and the time period for
complete spawn run on wheat grains for each
isolate wasrecorded (Table 2).

Mushroom production studies were
conducted on wheat straw compost prepared by
long method of composting. The studieswerecarried
out in plastic trays, with each tray holding 33.5 kg
prepared compost, thorough spawned with 50g of
grain spawn and threereplicateswere kept for each
strain. The mushroom house was kept closed and
temperaturewas maintained at 20-25°C for complete
spawn run in compost. Casing soil was prepared by
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mixing two year old well decomposed farmyard
manure and spent compost and garden soil in a
2:2:1ratio (v/v), sterilized with 40% formal dehyde
solution of 4% concentration. Hydrogen ion
concentration (pH) of casing soil was adjusted 7.5
by adding CaCQ, in soil mixture After complete
spawn run, compost was covered with 3.5-4.0 cm
thick layer of casing soil. The temperature of
mushroom house was maintained between 20 and
25°C for one week up to colonization of casing soil
with mycelium. After 6-7 days of colonization of
myceliumin casing soil, pinheads started appearing.
The mushroom house was kept open for 3-4hours
during early morning and evening. Water was
sprayed on floor of mushroom house and gunny
bags and tarpaulins, hanging as curtains on walls
of mushroom house, for maintaining the humidity
80-90% and lowering the temperature bel ow 20°C.
Thetemperature and RH of mushroom house were
recorded daily. The average mushroom house
temperature was 13-18°C from November to
February. Pinhead formation, first harvesting and
totalyield of each strain were recorded (Table2).
Mushroom quality was adjudged by texture, colour
changing and opening of pileus (i) texture- light
pressing the fruit body, whether it was compact,
light compact and soft and (ii) duration of opening
the pileus after harvesting. Shelf-life of mushroom
was recorded by keeping mushrooms in polybags
with 200g mushroom in each bag under refrigerated
conditionsat 10-12°C with threereplicatesfor each
strain. Iffruit bodies remain intact without opening
of vails and change in colour for more than three
days, the shelf life was considered as very good, if
these qualities retain for 2-3 days, then shelf life
was considered as good and if these qualities has
retained only for 1-2 days, mushroom quality was
considered as average or poor. For each strain, 3
replicateswere kept. Compl etely randomized block
designs (CRBD) was followed for setting up the
experiment for cultural and cultivation studies and
statistical analysisof resultsweredone (Table 1, 2).

RESULTS AND DISCUSSION

Mycelium and Colony Char acteristics

The linear mycelial growth of different
strains of A. bisporusgrown onYeastral PDA
showed difference in growth rate pattern after 15
days of incubation at 25° C (Tablel, Figs 1).For
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variablemycelia growth, thesetrainsweredivided
into three main groups: (i) fast growing strains,
having colony diameter more than50 mm, the
mycelium were mostly aerial/fluffy and appressed
asobservedinstrainsviz, ITCC- 1924, 1928, 2075,
3607, 3614, 3615, 3616, 3697, 3706, 3708, 3710and
4289. The mycelia growth in most of the strains
was dendric and thick. Pigment and exudate
formation was observed in ITCC-3607 and 3708,
margin of all colonies was uneven except ITCC-
2075 and 3697 and submerged growthinstrain I TCC-
2075. (i) the strains having medium growth and
colony diameter between 31 and 49 mm, mostly
showed appressed with strandy growth and dense
mycelium (ITCC-1926, 1931, 3613, 3617, 3618, 3707
and 4288), few strains had fluffy (ITCC-3554 and
3741) and submerged mycelium (ITCC- 2074).
Zonationinl TCC- 1926, 3613, 3617, 3707and 3741
and sector formation observed in I TCC-3554, 3618
and 3741.

Margin of most of the colonies was un-
even, pigment and exudate formation were
observedin ITCC 3613 and 3741, (iii) Thecolonies
of slow growing isolates, were lessthan 30 mmin
diameter, with weak mycelia growth, mostly with
appressed and dense mycelium(ITCC-1927, 1929,
3609, 3696, 3709, 4291), otherswith light appressed
mycelium. These colonies had almost circular
margin (even), except uneven marginin I TCC-3609,
3696 and 4291. Zonationinform of concentric rings
was observed in almost 75% slow growing strains
and sectorsformed in I TCC-3609 and 3696. Pigment
wasobservedin I TCC- 1929, 3608, 3611, 4290 and
5102, where asexudateformation observedin I TCC-
1929, 4290 and 5103.

The colour of coloniesof different strains
varied from creamy white, snow white and milky
white. In some colonies the margin was even
(mostly in slow growing) and in others uneven
(Figl). Therewas abundance growths of mycelium
formed in sectors mostly in medium and fast
growing colonies (ITCC- 1924, 1928, 3554, 3607,
3615, 3617, 3706 etc.), whereas in most of the
medium and slow growingcolonies, there was
zonation due to growth of hyphae in radial and
peripheral manner (ITCC-1927, 2074, 3613, 4004
etc.). Some isolates had exudation and color
development during mycelial growth (ITCC-3741,
4290, 5102). Statistical analysisof the comparison
of colony growth (india.) of fast, medium and slow
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growing strains (difference between two colony
diameters is more than 5.83-CD) shows that the
dataobtained are significant and relevant and more
significant when growth of slow and fast growing
isolates were compared (Table 1).

Fig.1. a, b- Strains of Agaricus bisporus growing in
yeasral Potato Dextrose Agar medium

3656 .

Fig. 2. A, B, C- Sporophores of different strains of Agaricus bisporus
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Mycelium run in wheat grains spawn, compost
and casing soil

The growth of mycelium of different
mushroom strains on wheat grains impregnated
completely within 13-20 days (Table 2). An equal
amount of 50 g grain spawn was mixed with
compost (33.5 kg/tray), which was colonized by
mycelium within 13-28 days by different strains.
The beds were cased with 3-4 cm thick, well
prepared casing soil made by standard method. The
mycelium of isolates/ strains, viz. ITCC-1924. 1926,
1927,1931, 2074, 2075, 3607, 3608, 3609, 3614, 3615,
3616 and 3697 colonized the compost completely
within 13-15 days, whilein TCC 1928, 1929, 3554,
3611, 3613, 3618, 3706, 3707, 3708, 3709, 3710, 3741,
4288 and 4289, spawn run completed in 16-25 days.
Instrains I TCC- 4004, 4291 and 5102, spawn run
completed in 26-28 days. After complete spawn
runin compost and casing, temperature (15-18°C)
and humidity (80-90%) in mushroom house were
maintai ned by spraying water on floor and hanging
gunny bagson walls (Table 2).
Primordial initiation and cr op productivity

Time period for primordial/pin-head
formationin different strains of A. bisporusvaried.
The earliest pin head initiation was started after
26-30 days of spawning in majority of the strains,
where as 31-34 daysof spawningin strain, ITCC-
3708, 3615, 3709, 3710, 4004, 3613 and 3696, and35-
37 daysof spawningin I TCC-4289, 4291 and 5102.
The fruit bodies were harvested after 2-3 days of
pin head initiation, when there cap size attained
33- 35mmdia. (Fig2). After weighing the harvested
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fruit bodies, the mushroomswere kept for storage
to study their shelf-life and the datawere recorded
(Table2). Onthebasisof yield parameter, isolates/
strains were divided into three groups; strains
ITCC-1924, 1926, 1931, 3608, 3609, 3708 and 3741,
were placed in high yield producing group (more
than 8000g fresh mushrooms/100 kg compost), as
maximum production (15360g) beinginstrain, ITCC-
3741. Themycelia growth characterscould not be
correlated with the productivity as among seven
highyielding strains, two strains had fast growing
fluffy hyphal growth(ITCC-1924 and 3708), three
strains had medium mycelial growth (1926, 1931,
3741), and two strains (3608 and 3609), had slow
growing mycelium. On the basis of their shelf life
theoverall quality of mushroomsin thisgroup was
very good (4 strains), good (1 strain) and average
(2 strains). The strains those produced 5000g -
79999 fresh mushroomwere; I TCC-1928, 2074, 2075,
3554, 3607, 3615, 3616, 3617, 3618, 3697, 3707, 3709,
3710, 4004 and 4288. Among them, highest yield
wasgiven by ITCC-3710 (7900g), followed by 3709
(7840g) and 1928 (7000g)/100 kg compost. Seven
strains of this category had fast growing, six
medium growing and two strains had slow growing
hyphae. Majority of them had appressed and
strandy growth but aerial/fluffy growth was aso
recorded in afew isolates (Tablel, 2). The quality
of mushroomsin this category varied asvery good
inseven, goodin fiveand averagein three strains.

The strains whose production recorded
bel ow5000g/100 Kg compost were; ITCC-1927,
1929, 3611, 3613, 3614, 3696, 3706, 4289, 4291 and
5102, whilethelowest yield (2360g) was produced
by ITCC-5102, and highest (4440g) by ITCC-3614.In
thisgroup six strainshad slow growing, onestrain
had medium andthree strains had fast growing
mycelium on Potato Dextrose agar medium. Two
strains had very good and fourstrains each had
goodand average quality mushrooms (Fig. 2 a, b,
).

On basis of present study, although there
was no direct relationship among mycelial
characters, productivity and quality of mushrooms,
but productivity and their mycelial growth on agar
medium (fast and slow growth) had a correlation.
Among 12 fast growing strains, 9 isolates (ITCC-
1924, 1928, 2075, 3607, 3615, 3616, 3697, 3708 and
3710) were good yielder as they produced more
than 5000 g mushrooms/100 kg compost. Similarly
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among 10 medium growing strains, 9isolates (I TCC-
1926, 1931, 2074, 3554, 3617, 3618, 3707, 3741 and
4288)) were good yielder and they produced more
than 5000 g mushrooms/100 kg compost. Among
11 slow growing strains, only 4 isolates (ITCC-
3608, 3609, 3709 and 4004) were good yielder as
they produced more than 5000g mushrooms/100
kg compost. Similarly fluffy with appressedmycelial
growth having patchy/dendric character on agar
medium indicated the strainsas good yielder. Early
spawn run in compost and casing resulted in better
and early crop than in strains with delayed spawn
run in the compost. The ratio of quality of
mushroom (very good, good and poor/average) in
fast, medium and slow growing strainswere 5:4:3,
4:2:4 and 5:3:3respectively. On the other hand,
among seven high, fifteen mediumand el even poor/
average, yielding strains, the ratio of quality of
mushroom (very good, good and poor/average)
was4:2:1, 7:5:3, and 2:4:5respectively (Table 1, 2).1t
isclear from the observationsthat the ratio of very
good and good qualitymushroomswasmorein fast
and medium fast growing strains than slow
growing strains. Strain ITCC-3741, had medium
mycelial growth on agar medium and produced
highest yield (15360g), but the quality of mushroom
was average/poor. Strainl TCC-4290 did not
produce fruit bodiesdue to very slow mycelial
growth and non colonization of the compost with
mycelium.Statistical analysis of mushroom
productivity shows that data obtained in high,
medium and poor/average yielding strains,were
relevant when yield difference was more than
2869(CD).The mushroom production obtained from
slow, medium and fast growing isolates had aso
significant differences (Table2).

In appearance, fruit bodies of different
strainsvaried from creamy white (1924, 1927, 1929,
4288, 3613, 3706 and 5102),buff white (I TCC-1926,
1928, 3554, 3608, 3617, 4004, 3611, 3696, 4289 and
4291), milky white (ITCC-1931, 3607, 3708, 3709),
snowy white (ITCC- 3609, 3614, 3615, 3616, 3618,
3697, 3707, 3710 and 3741), and brown (2074 and
2075),which is peculiar character of individual
strain. The colour of an individual strain did not
affect growth, productivity and quality of
mushrooms.

After studyingcultural characteristics of
different strains of A.bisporus and A. bitorquis,
Goltapeh and Kapoor (1989)°, and Bahukhandi and
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Bahl (1991)* reported that specific colony
characteristics of a strain have correlation with
mushroom productivity. Whereas Evans (1959)*
reported that sporocarp and mycelia variation may
be due to irregular nuclear constitution of spores
or hyphae for prolonged storage conditions and
their effect signify the productivity of mushrooms.
There are a number of factors influencing the
vegetative growth and productivity in cultivated
mushrooms (Stamets, 20008, 2005%) and growing
the strains on various media and at various
temperatures, affect their growth pattern, growth
rate and other characteristics (Sigel and Sinden,
1953%). Evaluation of Agaricus bisporus strains
was carried out by various workers for
improvementsin quality, shape, size, compactness
of pileus and nutritional characters by
implementing growth hormones, altering the
production methodology, addition of ingredients
in compost and casing, use of quality strains/
hybrids and manipulation in environmental
parameters (Pardo et al., 2010 Schroeder and
Schider, 1981, Singh and Kamal, 2011%"). However,
suitable strains were identified for cultivation in
north Indian plainsand use of vegetative mycelial
characteristics likegrowth pattern, sector/zone
formation, strandy/patchy growthand their
correlations with the productivity of a strain. In
present study the cultures of various strains were
procured from the authentic old stocks, but some
of them did not provide proper results, which may
be due to continuous sub culturing and prolong
storage, which resultedindecline of theirvigour.

In present study, it hasal so been observed
that in general strains having fast to medium,
appressed and strandy growth with sectors and
zonationin agar medium, resulted in high
productivity and well quality mushrooms and the
strains with slow growth andappressedmycelium
werelow yielding with poor qualitymushrooms.Out
of thirty three strains of Agaricus bisporus tested
for their cultivation trials,thirteen strains,(ITCC-
1924,1927, 1931, 2074, 2075, 3554, 3607, 3608, 3611,
3618,3708, 3710 and 4004), provided best yield
productivity and well quality mushrooms,followed
by ten strains (ITCC-3609, 3616, 3617, 3697, 3707,
3709, 3616, 3696, 3706 and 4291),which provided
satisfactory results. Remaining ten strains
provided poor resultswhich may be duetodecline
in their viability in prolonged storage and
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continuous sub-culturing. Therefore for getting
proper results and high productivity, mushroom
growers should always use fresh tissue/spore/
hybrid cultures for spawn preparation.
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