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ABSTRACT

Studies on spore germnation of 15 mushroom species
collected fromvarious areas in Ahnmadu Bel | o Uni versity, Zaria
were carried out on potato dextrose, Sabouraud' s dextrose, and
yeast extract agar. Each of them was supplenented wth
peptone, malt extract, yeast extract, spawn, and charcoal in
32 different conbinations. Qut of 15 species only the spores

of Lentinus squarrosulus (Mnt.)S nger consi stently

germnated in all the nmedia. Attenpt was al so nade to culture
the 15 nushroom species from the hyphae collected from the
pileus on 4 different hyphal culture nmedia. Oily L.

sauarrosulus grewin all different nmedia while Termtonyces

clypeatus Heim only grew in the media which contained

t hi am ne hydrochl ori de.

Car pogenesis was studied in L. squarrosulus using two
conposted media and five non-conposted nedia. Carpogenesis
successfully occurred in 4 out of the 5 non-conposted nedia
whi | e carpogenesis failed to occur in any conposted nedi a.

Frui ting was induced by direct casing of spawn, casing of
some non- conpost ed nedi a and traumati zat on of hyphae. Only the
spawned sawdust nedia cased with sterilized soil to which
activated charcoal had been added produced fruit while both
the cased spawn and the traumati zed hyphae produced negative

results.
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The study shows that it is possible to effectively

culture L. squarrosulus for laboratory purposes within 25

days. It also confirmed that this can easily be done using

| ocal |y sourced material s.
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CHAPTER ONE

INTRODUCTION

The order Agaricales 1s composed of 16 families and 197
genera. The gilled fungi or mushrooms belong to one of these
families, viz Agaricaceae, which is composed of 31 genera
(Thompson and Lim, 1965; Weber, 1970; Shaffer, 1975; Singer,
1975).

The study of the mushroom started in the dim past before
the invention of the microscope by Leeuwenhoek in the 17th
century (Ainsworth, 1976). They drew the attention of
mycologists because of their big size. Now they occupy a very
unigque position because of their innumerable economic
advantages. They are responsible for biodegradation of
agricultural wastes (Durrant et al, 1991; Boominathan and
Reddy, 1992; Bono et al, 1992). In addition they are also
important for their medicinal and educational |uses
(Christensen, 1975; Gerard 1975; Vogel et al, 1975; Bossard,
1978; Flegler, 1979a; Ellis, 1991; Oei, 1991). Many species of
mushrooms are eaten in many parts of the world because of
their nutritional values (Zakia et al, 1971; Ammirati et al,
1977; Crisan and Sands, 1978; Smith, 1978; Annakkage and
Ratnasiri, 1990). It is due to these facts that they are
cultured in various parts of the world in glass houses, green
houses, caves etc. in order to maintain their regular supply

in off seasons as they are ephemeral and seasonal.
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In Nigeria very scanty attempts have been made to culture

the mugshrooms {Alasoadura, 1967; Zoberi 1972; 1973; 0so, 1977;
Nicholson, 1989; and Alabi, 1994). A project was therefore
degsigned to find out the various ways to culture different
mushrooms in the laboratory using different culture media and
two different parts of mushrooms including spores, and
mycelial fragments from the pileus with the sole aim to make
them available throughout the year for educational purposes.
In addition an attempt was also made to initiate carpophore

production.



CHAPTER TWO

2.0 LITERATURE REVIEW
2.1 Procurement/Storage/Viability of Spores

Mushroom spores may be obtained from a spore print. All
that is required is a mature carpophore with an open pileus,
contrasting paper, and a bell jar {(Anderson et al, 1973;
Alexopoulos and Mims, 1979; Burge, 1979%9). The procedure may
also be modified by placing the mushroom gills down on a glass
glide and covering it with a Petri dish to prevent air
currents and the resultant airborne contaminants (Thiers,
1975).

The spores may be stored at a low temperature in the
refrigerator without affecting the viability of the spores for
a long time. Spores stored at 4°C and - 18'C retained their
viability for 2 to 4 months respectively (Fries, 1977).

2.2. Bxclusion of Contaminants

During the culture of the spores of different mushrooms
cbtained in nature, culturing practices determine the extent
of contamination. Aseptic methods were found to be adequate to
exclude the contaminants (Watling, 1971; Chua and Ho, 1973;
Epp, 1977; Murashige, 1979; Seabrook, 1980},



2.3. Culture Media

Different types of media have been used for culturing the
spores of mushrooms. The most commonly used media include
Potato dextrose agar (PDA)(Raabe, 1972; Stack gt al, 1975;
Flegler, 197%a), Potato-carrot agar (PCA) (Thakuri, 1976;
Watling, 1981) malt/yeast extract agar (Heintz and
Niederpruen, 1971; Oso, 1977; Roxon and Jong, 1977; Chapman
and Barankovich, 1979), and Sabouraud's dextrose agar {SDA)
{Cole and SBamson, 1979; Mckane and Kandel, 1986). Watling
(1981) however, reported PDA to be the best media.

Sometimes problems are encountered with sterilized media
as a compound inhibiting the germination of spores has been
reported to be formed by autoclaved agar (Fries, 1966). The
work done on smuts indicated that the inhibitory effect could
be removed through the addition of different concentrations of
activated charcoal to the media {Klein and Bopp, 1971; Butler
and Bolkan, 1973). With mushrooms the problem was solved by
dusting half of the Petri dish with 7mg of activated charcoal
(Fries, 1977; 1978; 1983a).

2.4 Inducing In Vitro Germination
2.4.1 Media additives

Many substances have been shown to induce germination.
Partially processed natural products such as yeast and malt
extracts and peptone are widely used in making media (Lilly,
1965). Peptone which is obtained from lean meat, heart muscle

and soyvya bean flour (Bilgrami and Verma, 1978) is a good



source of nitrogen and is highly recommended for the

cultivation of fungi. It has widely been used in the culturing
of mughrooms (Leonard and Dick, 1973; Marvanova and Bandoni,
1987; Whitney and Arnott, 1987) and is known to increase

germination rate in Laccaria laccata spores by up to 75%

(Fries, 1983a}. More importantly, however, it serves to
stabilize the pH of the culture media (Child et al, 1973).

Malt extract is also a good germination inducer (Bistis,
1970; B8tocks and Hess, 1970) and apparently provides a
stimulatory substances in sufficient quantity to vield a high
percentage of germination (Chapman and Barankovich, 1979).

Yeast extract which is an excellent source of vitamin B
complex is known to increase germination {McDaniel and Hindal,
1982) as well as stimulating good mycelial growth (McTeague et
al, 1959; Paranjpe et al, 1979).

Live yeast has alsc been reported to induce germination.
Bulmer and Beneke (1961, 1962) used Rhodotarula mucilaginosa

to germinate spores of Calvatia gigantea, while Fries (1978,

1983b) used Rhodotarula glutinis to germinate some mycorrhyiza

- forming Hymenomycetes and some species of Bolitaceae. It has
gince been discovered that the active substance produced by
the live red yeast 1is isovaleric acid (Rast et al, 1979;
Weete, 1980). This same isovaleric acid is also produced by
gpores, vegetative mycelium, and sporophores of Agaricus

bisporus {Rast and Stauble, 1970}. B8ome spores have been

successfully germinated using trace amounts of isovaleric acid
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as well as other organic acids such as propionic and butyric

acids {(Losel, 1967).

2.4.2 VUse of mycelia

According to Cayley (1936), Perguson in 1902 made a very
significant break througsh while working with Agaricus
campestrig. She discovered that germination could be
stimulated by the introduction of small pieces of mycelium
from a culture of same into the spore suspension. The work was
later confirmed using Agaricus bisporug (McTeague 8f al, 1959;
Losel, 1964).

2.5 Mycelial (Hyphal) Culture

When spores prove very difficult to germinate it is
sometimes possible to obtain a pure culture by cuituring
hyphae which has been aseptically cut from the inner flesh of
the upper part of the stipe and pileus (Mclaughlin, 1974;
Stack et al, 1975). The mycelia may then be cultured on malt
extract agar (Murashige, 1979), yeast extract agar (White,
1963) or acidic potato dextrose agar (McLean and Cook, 1958;
Christensen, 1965) in culture tubes (Moscona et al, 1965) with
steal caps for more uniform gas exchange {(Murashige, 1973).

Antibiotics such as streptomycin/tetracycline sulphate
(100mg/1l) may be added in order to Kkeep down bacterial
contamination (Whitaker, 1972; Thomas and Davey, 1975).

Antibiotics were however, found to have adverse effects on
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mycelial cultures {Coriell, 1973; Schafiner, 15979).
Supplementation with macronutrients in the form of salts such
as MgSo, . 7 KO0, NHNO;, KCl, KHPO; and KH)PO, in conjunction
with the vitamin thiamine hydrochloride followed by incubation
in the dark between 20-28°C has been reported to enhance
mycelial growth (Street, 1966; Hudson, 1972; Butcher and

Ingram, 1976; Chandra and Purkavastha, 1977).

2.6 Mycelial Preservation

There are many methods of preserving a pure culture. The
most sophisticated is the process of lyophilization (freeze-
drying) but it is very expensive in terms of both manpower and

machinery (Hwang et al, 1976; Tan et al, 19%92}. Ligquid

nitrogen may also be used {Hwang, 1968) but in the tropics a
relatively simple and inexpensive method is to use glass
{Turner, 1971} or preferably disposable screw cap plastic
tubes (Smith, 1971) to make agar slants. These slantg are then
covered with demineralised water or mineral oil such as liqQuid
paraffin (Thompson and Lim, 1965; Hawksworth, 1974; Perrin,
1979). The cultures may remain viable in this form for 1 to
10 years respectively (Sathe and Dighe, 1987; Oei, 1981).
2.7 BSpawn Production

Spawn may be defined as horse manure or grain which has

been sterilized and impregnated with selected mushroom tissue
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or mycelium under aseptic laboratory conditions {Atkins,
1574), The grains usged include wheat, corn, rye, millet,
birdseed, and brown rice (Bigwood, 1977; Pritsche, 1978;
Zervakis and Balis, 1991; Cangy. 1994). 8pawn has been
reported to induce spore germination while the grains used in
making it {rye, corn, and wheat) induce fruiting (Schisler et

1, 1967, Royse and May, 1982).

Z.8 Carpogenesis

Mushroom species such as Agaricus bisporus, Pleurotus

pgtreatus and Volvariella volvacea have been reported to
prefer composted media ({(Delmas, 1978; Edwards, 1978; Kim,
1978}, According to Hayes (1978) a good compost may be
formulated by using different manures to provide nitrogen and
carpbohyvdrates, wet brewers graing and potato wasteg to provide
carbohydrates, urea or ammonium sulphate to provide nitrogen
and supplements such as fertilizers (superphosphate, potash)
and gypsum to rectify mineral deficiencies. Some work has also
been done with phosphogypsum which in addition to increasing
vield also induces a more rapid growth (Chen et al, 1988).
There is need for composting because raw manure would heat up
and kill the spawn. Wheat straw is favoured but rice, barlev,
rye, and cat straw may also be used to provide a reservoir of

cellulose, hemicellulose and lignin.



9

Casing has been reported to induce fruiting (Genders,
1976; Delmas, 1978; Hayes, 1978}). The process of casing or
capping is simply the covering of compost beds or spawn with
a thin layer of sand, gravel, peat, or medium loam soil (Hayes
et al, 1969). Special care must be taken to sterilize the soil
pProperly in order to kill pestg and pathogenzs which may be
present 1in the scil, The so0il, however, should not be

autoclaved since this Kills certain bacteria (Pseudomonas

putida) which trigger sporophore formation (Marx and Haasis,
1965; Manning and crossan, 1966; Haves et al, 1969; Park and
Agnihotri, 1969). If the soil is highly contaminated with
pathogens, it must be autoclaved. The inhibitory effect may
then be removed through the addition of activated charcoeal to
the casing scil {Long and Jacobs, 1974; Angeli- Couvy, 1975},

30il may also be gterilized by the use of steam for 5
minutes at 100'C or 2% formaldehyde spread over the soil. The
formaldehyde treatment may be better since steam 1s also
destructive to bacteria which are beneficial to the crop
(Haves, 1978; Vedder, 1978).

It has long been discovered that there is a relationship
between the addition of lipids (vegetable 0¢ils) and the
gtimulation of fruiting (8chisler and Sinden, 1962; Wardle and

Schisler,1969), Schisler and Sinden (1962) are of the opinion
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that any enhancement in first-break yield must be due to the
initiation of a greater number of sporophores. Highly
proteinaceous materials such as ground pigeon pea (Cajanus
cajan) (L.) Millsp. and soya bean (GBlysin max) (L.) Merr.
stimulate fruiting (Srivastava and Bano, 1962; Schisler,
1967). Sometimes the addition of natural extracts (yeast and
malt) to mycelium c¢olonized compost is8 enough to induce
fruiting (Watling, 1981). Bome species may be stimulated to
fruit in Petri dishes when their mycelium are traumatized
(Bigelow, 1970; Leonard and Dick, 1973) while others require
cooked apple extract in the media (Chua and Ho, 1973). A
faster and more direct method of fruit body productien in the
laboratory is the direct casing of grain spawn {(San Antonio,
1971). In addition to the above Watling (1981) alsco suggested
that relatively high humidity and a supply of rich moist well-

aerated medium may alsc induce fruiting.
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CHAPTER THREE

3.0 MATERIALS AND METHODS
3.1 COLLECTION, PROCUREMENT AND STORAGE OF SPORE PRINTS
Fifteen different mushrooms (Table 1) found growing in
different residential areas of the main campus of Ahmadu Bello
University, Zaria (Map) were collected, wrapped in newspapers
and brought to the laboratory for further studies. The spores
were obtained as described by Anderson et al, (1973), placed
in envelopes and stored in a laboratory refrigerator (wWatling,
1981).
3.2 MEDIA PREPARATION
The following three different categories of media were
used in these studies.
(a) germination test media - to study the germination and
culture of mushrooms from spores.
(b) hyphal culture media - to generate pure cultures from
mushroom tissues.
(c) carpophore production media - to stimulate the production

of carpophores.

3.2.1 Germination Test Media: Three basic media including
potato dextrose agar (PDA), Sabouraud's dextrose agar (SDA)
and yeast extract agar (YEA) were used to study the
germination of spores and culture of mushroom from spores. In
all the cases both fresh and ready made ones were prepared

(Table 2a).



Table 1: Mushrooms collected from different regidential areas
of the main campus of Almadu Bello University, Zaria.

Sample
No. Name of Mushrooms

localities

i, Bolbitjus spp. A
2, Bolbitjus spp. B
3, Bolbitius spp. ¢
4. Coprinus spp. A
5. Coprinus spp. B
6. Coprinus spp. C

7. Lentinus gquarrosulus
{Mont. }Singer

8. Lepiota spp.
9, Pholiota spp. A

10. Pholiota spp. B
11, Psathyrella spp.

12. Pgilocybe spp.

13, Termitomyces spp.
14. Termitomyces clypeatus
Heim,

15, Termitomyces microcarpus
(Berk & Br.)Heim.

Univ. chapel (U-4)

Biological sciences garden(Y-9)
Amina hall (V-4)

Amina hall (V-4)

Swimming pool (V-3)

Dan-Fodio hall (0-5)

Univ. bookshop (W-5)

Senior staff club (V-9)

Biological sciences garden
(Y-9)

Biological sciences garden
{Y-9)

Junior staff resid, areas
(8-2)

Akenzua hall (Z-2)
V.C's residence (Z-8)

Sen. staff residential
areas (Area A, Y-5)

Sen. staff resid. areas
(Area A, Y-5)

NB: Coordinate codes U~4, Y-9, etc. are to be used in conjuction with the

map on the following page.
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Table 2a:

Basic media used in this study. =~ . -

Media Conmponents Method of preparation
Fresh potato 300y peeled Irish the potatces were boiled for
dextrose agar potato 20 minutes and extract of it was
{PDA) (Cheng 209 agar mixed with the rest of the
Tu, 1978) 20 g glucose nents and autoclaved at

121%C for 15 minutes.
Ready made potato 399 potato the agar was dissolved in 1
dextrose agar dextross litre distilled water and
{FDR) agar (0OXOID) autoclaved for 15 minutes

at 121%¢.

Fresh Sabouraud's 409 glucose the components were suspended
dextrose agar(SDA) 10g peptone in 1 litre of distilled water
(Bilgrami and Verma, 15g agar and autoclaved at 121°%C

1978).

Ready made
Sabouravd's
dextrose{SDA)}

Fresh veast
extract agar{YEA)
(Watling, 1981)

Ready made veast
extract agar{YEA)

65g Sabouraud's
dextrose agar
(OX01ID)

10g glucose

3g yeast extract
C.2¢g Mg804.7 iﬁﬂ
29 KHPO,

209 agar

23g veast extract
agar (OXQID)

for 15 minutes,

the agar was dissolved in

1 litre of distilled water
and autoclaved for 15 minutes
at 121°C.

all the components were
suspended in 1 litre of
distilled water and
autoclaved at 121°C for
15 minutes.

the agar was dissoclved in 1
litre of distilled water

and autoclaved for 15 minutes
at 121°¢.
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All the above categories of media were incorporated with
three different nutritional components viz peptone, malt
extract, and veast extract in different combinations. In
addition they were also incorporated with activated charccal
and spawn (Table 2b}).

All the three nutritional components were added prior to
autoc¢laving. The activated charcoal was, however, dusted over
half of each of the Petri dishes after autoclaving but prior
to inoculation (Pries, 1983a) while the spawn was added after

inoculation (Royse and May, 19%82).

3.2.2 Hyphal Culture Media

For this purpose hyphal culture media (Batra and Batra,
1979; Whitney and Arnott, 1987) and hyphal culture media
(Purkavastha and Chandra, 1975) were prepared and arbitrarily
named as HCM1 and HCMZ respectively for the sake of
convenience. In addition, acidic potato dextrose agar
{Christensen, 1965) and streptomycin treated potato dextrose
agar (Watling, 1981) were also used for these studies

{Table 3).
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3.2.3 Carpophore Production Media

Various non-composted media including rice straw (Jong
and Peng, 1975), modified rice straw, sawdust (Carey, 1974),
animal bedding and rice (Roxon and Jong, 1977), and sawdust
and oatmeal (Pettipher, 1988) were used for these studies
(Table 4a). In addition compost media (Kim, 1978) and Compost
media (Hayes, 1978) were also used. These were arbitrarily
named as CM1 and CM2 respecively (Table 4b).In addition both
compost media CM1 and CM2 were supplemented with groundnut

0il, ground pigeon pea, and malt extract (Table 5).
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Table 2b: Composition of three media with three different

nutritional
spawn.

B. With nutritional a)
components

b)

1.
133
iv.

C. With activated
charcoal

D. With spawn

components, activated charcoal, and

all the three media without any
nutritional supplements.

3g each of peptone, malt, and yeast
extract mixed with one litre of
each of the above three media
separately.

3g of each of the above in
different combinations with each
other in one litre of each of the
three media.

3g peptone + 3g yeast extract

3g peptone + 3g malt extract

3g yeast extract + 3g malt extract
3g peptone + 3g yeast extract + 3g
malt extract.

—— s —————— —— T —————— ——— T ——— T ——

In addition to the different
nutritional components in
different components in different
combinations as above, 7mg of
activated charcoal was also added.

In addition to the different
nutritional components and
activated charcoal, 2 spawn
grains were also used in each
case as described by Royse and
May (1982).



Table 3:
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Different hyphal culture media,.

Hyphal culture
media {HCM1)
(Batra and
Batra,1979)

20g dextrose

2.0g mycological

peptone
2.0g malt
extract
2.0g yeast
extract
1.0g K Pq
0.5g K%

0. 59 Mgg

X 59 NH,Cl

all the above components
were suspended in 1 litre
of distilled water and
autoclaved at 121 °C for
15 minutes.

Hyphal culture
media {HCMZ)
({Purkayastha
and Chandra,
1875)

the same as
above plus
the inclusion
of 0.5¢g
thiamine
hydrochloride

same as above.

Acidic potato
dextrose agar
{christensen,
1965}

39g potato
dextrose

agar (0XOID)

5 drops of 5h0%
lactic acid

per 100 ml media

the media was prepared by
adding % drops of 50%
lactic acid per 100ml of
sterilized media which
has been cooled to 45°C.

Btreptomycin
treated
potato
dextrose
agar
{(Watling,
1981).

39g potato
dextrose agar
(QX0ID)

0.3ml antibiotic
solution per
100ml of agar

the antibiotic was
prepared by adding 1lg

of streptomycin to 100ml
of sterile water. The
media was sterilized,
cooled to 45°%C and 0.3ml
of the antibiotic

solution was added to each
100ml of agar.
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Table 4a; Non-composted media.
media components method of preparation
Rice straw g rice straw the rice straw was sopaked for

(Jong and Peng,
1975)

23. 49 hardwood
sawdust

6.0g rice bran
0.69 corn meal

4 days, mixed with the remaining
components and autoclaved for
20 minutes,

Modified 30g rice straw same as above.
rice straw 23.4g hardwood
sawdust
6.0g rice bran
{¢.6g corn meal
30g oatmeal
{Quaker oats)
Sawdust 20g hardwood the components were wetted with
{Carey, 1974) sawdust 200ml of distilled water and
20g hardwood autoclaved at 121°C for 30
chips mintes.
40g brown rice
Animal bedding 13g softwood the materials were thoroughly
and rice chips moistened and autoclaved at
(Roxon and 13g brown rice  121°C for 35 minutes.
Jong, 1977}
Sawdust and 105¢ hardwood the material were thoroughly
catmeal sawdust wetted and autoclaved at 121°C
{pettipher, 45g oatmeal for 20 minutes.
1988) (uaker oats)
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Table 4b: Composted media

media components method of preparation
Compost media 50g chicken manure all the materials were
{CM1) 0.500kg chopped wheat wetted, thoroughly mixed

(Kim, 1978)

gtraw (Siete cerrog) and composted for 30 days.
7.5g urea

5.0g gypsum
Compost media 100g horse manure all the materials were
(CM2) 0,500kg chopped wheat wetted, thoroughly mixed

(Hayes, 1978)

straw (Siete cerros) and composted for 30 days.
200g potato waste

10g ammonium sulphate

10g gypsum

10g superphosgphate

Table 5: Supplementation of compost media at spawning.

509 CM1
h0g CM1
509 CM2
50g CM2
50g CM2
50g CM2

— e A e T e . T AU e e . i T A ek e e T i Uk T o e e T A e e . B

none

2.86 ml groundnut oil
2.86g ground pigecn pea
2.86g malt extract

none

2.86 ml groundnut oil
2.86g ground pigeon pea
2.869 malt extract

All the media were inoculated with 2g of gpawn,
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3.3 SPAWN PRODUCTION AND TREATMENT
Spawn was produced by a method described by Fritsche
(1978). 100g wheat grains were taken in 27 different jars,
inoculated with mycelia obtained from pure cultures and
incubated in darkness at 27°%C for 2 weeks. Out of these 9
spawn jars were cased with 1 and half inches of formaldehyde
treated top soil loam while another 9 jars were cased with
non-sterilized top soil loam. These were used for fruiting
studies. The Jjars were grouped and incubated wunder 3
categories viz continuous 1light, intermittent 1light and
continuous darkness at 26-27°C to see fruiting. The rest of
the 9 were used for germination and carpophore production
tests.
3.4 CULTURE TECHNIQUES
3.4.1 Culture of mushrooms from spores.

All the test media were aseptically poured in Petri
dishes and inoculated using both the diluted (Fries, 1977) and
undiluted (Watling, 1981) methods of inoculation. The plates
were grouped into three categories of 3 plates each. Group 1
was incubated in continuous darkness, group 2 in intermittent
light while the last group was incubated in total darkness at
room temperature ranging between 26-27°C for a period of 1-2
months. Later the number of germinated and ungerminated spores
were counted out of a total of one thousand. The data was
subjected to analysis of variance (ANOVA) and compared by

using Duncan multiple range test (Losel, 1967).
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3.4.2 Culturing of mushrooms from the hyphae from the pileus
in solid media.

The culture technique was based as described by Chua and
He (1973), McLaughlin (1974), and Thomas and Davey {1979%). It
was performed by aseptically removing small bits of mycelium
from the pileal context of 15 different mushrooms collected
afresh from different localities and plating it on the desired
agar. The plates were grouped and incubated under three
different conditions viz, continuous light, intermittent light
and continuous darkness at the room temperature of 26-27°C for
three weeks.

3.4.3 Culturing of mushrooms in ligquid media.

The pure cultures obtained from the hyphal cultures were
maintained on each of the 4 different hyphal culture media at
a range between 26-27°% under three conditions of incubation.
The test media were prepared as reflected in table 3 bhut
without the addition of agar as described by Jennison (1948},
Hacskaylo et al, (1954), and Sugihara and Humefeld (1954). The
culture of the mycelia in the test media was performed in
250ml Erlenmeyer flasks containing 100ml of each of the 4
different media at 27%C on a shaker (90 rotations/min)
(Jennison et al, 1955). Two pieces of icm’ pieces of mycelium
and agar cut from 2 week o0ld cultures growing under the
different conditions of incubation were used as inoculum.
After 18 days of incubation all the flasks were autoclaved for

10 minutes. The mycelium was filtered, washed, dried, and
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as described by Schisler and Volkoff {1977).

The experimental data were subjected to an analysis of
variance and Duncan's multiple range test (Wardle and
Schisler, 1969},

3.4.4: gagpophore production in mushrooms cultured in the
ab.

30g each of supplemented and non-supplemented compost
media were placed in plastic containers previously sterilized
by boiling in water at 100°C and inoculated with 2g spawn as
described in table 5. Each of them was later cased with 1 and
a half inches of top loam soil which had been previously
sterilized as described by Vedder (1978) and incubated in
continuous darkness for three weeks. The trays were then
brought outside for aeration.

The non-composted media were inoculated as described in
Table 6 and incubated for three weeks in continuous darkness
and then brought outside for aeration and exposure to light.

The sudden development of many fruiting bodies at the
same time is known as a flush and there is usually a resting
period of a few days between flushes. The fruiting bodies from
the different flushes in the different experiments were
collected and the pileus diameter, stipe diameter, and stipe
length measured and subjected to analysis of variance (ANOVA).
The length of time for pinhead and carpophore production were

also measured,



Table 6: Treatment of non-compogted media.
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inoculation
temperature
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+ autoclaved

soil

+ 0.2g

activated
charcoail

inoculation

media method
1 Rice straw mycelial plug
2. Modified rice

straw mycalial plug
3. Modified rice

straw 29 spawn
4 Sawdust mycelial plug
5 Sawdust 2¢ spawn
6 Sawdust 29 spawn
7 Sawdust 2g spawn

+ ungterilized
s01l

i — i M M TER TER T = o g e e e . e e ek AU e e . o e e ML L B Ty Y e o ML B T By o e —r o Ami

9, Sawdust and
oatmeal mycaelial plug
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3.5 PRESERVATION OF PURE CULTURES
Pure cultures were preserved under liquid paraffin vellow

as described by Perrin (1979) and Sathe and Dighe (1987).

3.6. TRAUMATIZATION OF HYPHAE

Pure cultures from the Lentinus gquarrosulus were each

transfered from stock slants to replicate Petri dishes
containing freshly made supplemented PDA and replicate Petri
dishes containing ready made supplemented PDA (both media were
supplemented with 3g peptone, 3¢9 malt extract, and 3g yeast
extract). The hyphae were traumatized ag described by BRigelow
(1970), grouped and incubated under 3 categories viz
continuous light, intermittent light, and continucus darkness

at 26-27%.

3.7 SLIDE PREPARATION

Bmall pieces of hyphae were picked from the pure cultures
with a sterile nichrome needle and mounted on a glass slide in

methylene blue (Largent et al, 1977). The hyphae were then

examined for presence or absence of clamp connections.
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CHAPTER FOUR

4.0 RESULTS

4.1 COLLECTION AND IDENTIFICATION

Mushrooms were found growing in all the localities
surveyed in Ahmadu Bello University, Zaria main campus during
the rainy season in 1992. During the course of survey, 15
different mushroom spp. (Table 1) were collected from 11
different locations (map) and used for further studies.
These were identified based on macroscopic features (Appendix
1, plate 1, 2, 3, 4 and 5) in conjunction with the key
proposed by Largent (1986). Out of these 15 only 2 were
identified to species level and the identification was
confirmed by the Royal Botanic Garden, Kew. The remaining 13
were identified only to genus level.

Out of the 15 species collected 4 were found to be
edible, Lentinus squarrosulus and all three species of
Termitomyces. They are popularly used in African countries
such as Cameroon, Ivory Coast, Ghana, and Nigeria to make soup
(Zoberi, 1972).

4.2 GERMINATION TESTS

Out of the 15 different samples of spores collected from
different mushrooms in nature, only the spores from Lentinus
squarrosulus consistently germinated in all the different
media under the different incubation conditions. The hyphae

produced from the pure culture were septate with clamp
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connections (Plate 6).
4.2.1 Effect of different treatments on germination rates

Although the spores of L, squarrosulus germinated in all

the media, there were still some differences in the rate of
germination in the different media. The mean number of
germinated spores was highest in PDA( 601.78) and YEA(452.44)
treated with all the nutrients and additives followed by those
which were treated with all the nutrients and additives except
charcoal. It was, however, just reversed in the case of SDA.
The poorest germination was recorded in the control. It is
also clear that the malt extract consistently produced a
higher mean germination rate in all 6 different media than
peptone or yeast extract alone and produced mean germination
rates which were comparable to media which had been freated
with spawn only. (Table 7a - 7f}

The rate of germinations were statistically different.
(Appendix 2) The poolied results also confirmed that the media
treatment with all the nutrients and additives produced the
best results while the control produced the poorest results

(Table 7¢g).
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Table 7a: Rate of germination of spores of Lentinus
squarrosulus under different treatments in fresh
potato dextrose

PDA + 3g peptone,

10.
i (P
12.
13
14.
15.

16.

agar (PDA1l).

————— ——— T —— T — — . T T —— —— —— —

3g malt ext.,3g yeast
ext., 7Tmg activ. charcoal, 2 spawn grains.
PDA + 3g peptone, 3g malt ext., 3g yeast
2 spawn grains.

PDA + 3g peptone, 3g malt ext., 7mg activ.
charcoal, 2 spawn grains.

PDA + 3g malt ext., 3¢ yeast ext., 2 spawn

PDA + 3g peptone, 3g malt ext., 2 spawn

3g malt ext,, 3g veast

charcoal.

PDA + 3g peptone,
Tmg activ.

PDA + 3g peptone, 3g yeast ext., 7Tmg activ.
charcoal, 2 spawn grains,
PDA + 3g peptone, 3g malt extracl,
charcoal.

PDA + 3g malt ext., 3g yeast ext.

charcoal, 2 spawn grains.

PDA + g malt ext., 3g yeast ext,
charcoal .

PDA + 3g peptone, 3g yeast ext.,

PDA + 2g malt ext., 7mg activ. charcoal,

2 spawn grains.

PDA + 3g peptone, 3g malt ext., 3g yeast

extract.

PDA + 3g yeast ext., 7mg activ, charcoal,
2 spawn grains.

PDA + 3g peptone, 3g yeast ext., 7mg activ,
charcoal.

PDA + 3g malt ext. 3g yeast extract.

34

———— o ——— o ——— i —— . ——

561, 3390
556, 333¢d
542, gghrde

S GO

(6.}
=~
S}

525, 33de
520. 440!
512.89%
512, 33008
507 . 78¢0Eh
498 448i3hi
497 . 78¢fehi
476. 330
470, 780k

469, 11MH
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18.
19.

20,
21.

22.
23,
24,
25,

26,
27.
28.

29,
30.
31.
32.

PDA + 3g malt ext., 2 spawn grains,
PDA + 3g peptone, 3g malt extract.

PDA + 3g peptone, /mg activ. charceal,
2 spawn grains.

PDA + 3g yeast extract, 2 spawn grains.

PDA + 3g malt extract, Tmg activ.
charcoal,

FDA + 3g peptone, 3g yeast extract.
PDA + 3g peptone, 2 spawn grains.
PDA 4+ 3g malt extract.

FDA + 7mg activ. charcoal, 2 spawn
grains.

PDA + 2 spawn grains.
PDA + 3g peptone, 7mg activ. charcoeal.

PDA + 3g veast ext., 7mg activ.
charcoal.

FPDA + 3g peptone.

PDA + 3g yeast extract.
PDA + 7mg activ, charcoal.
PDA + alone.

N = Number of Plates.

ANOVA (df 31,252) (0.05) = 12.84:- Significant.

w Wwoow Ww W o

U3

L= I V- = S |

35
464, 11411
462, 11hifl
460, 56k

457, 44110
447, 56/M8

443 . 44kl

436, 11kl

433, ggikime
427, gohlene

417, §9iano
406 . Q0™
402, 11800

398. 44100
394, 119
390.78%
353,33

means with the same letter are not significantly different.



10.

11.

12.

13.

14,

15.
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Tahle 7b: Rate of germination of spores of Lentinusg
squarrosulus under different treatments in
ready made potato dextrose agar (PDAZ).

PDA + 39 peptone, 3g malt ext., 3g yeast
ext., Tmg activ. charcoal, 2 spawn grains.

PDA + 3g peptone, 3g malt ext., 3g yeast
ext., 2 spawn grains,

PDA + 3g peptone, 3g malt ext., 7mg activ.
charccal, 2 spawn grains.

PDA + 3g malt ext., 3g yeast ext.,, 7mg activ,

charcoal, 2 spawn grains.

PDA + 3g malt ext., 3g yveast ext,, 2 spawnh
grains.

PDA + 3¢ peptone, 3g malt ext., 3g yeast
ext., 7mg activ. charcoal.

PDA + 3g peptone, 3g malt ext., 2 spawn
grains.

PDA + 3g peptone, 3g veast ext., 7mg activ.
charcoal, 2 spawn grains.

PDA + 3g peptone, 3g malt ext., 7mg activ.
Charcoal.

PDA + 3g malt ext., 3g vesast ext., 7mg
activ. charcoal.

PDA + 3g peptone, 3g yeast ext., 2 spawn
grains.

PDA + 3g malt ext., 7mg activ. charcoal,
2 spawn grains.

PDA + 3¢ peptone, 3g malt ext., 3g yeast
gxtract.

PDA + 3g yveast ext., 7mg activ. charcoal,
2 spawn ¢grains.

PDA + 3g peptone, 7mg activ. charcoal,
2 Spawn grains.

N Mean
9 599.67%
9 588 .44
9 562,897
9 562, 56
9 561, 7g1
9  546.67¢
9 545,44

9 523, 6700

9 518. 00
9 515.00°%
9 503. 33
9 497 . g9l
9 494 . potes
9 475, 2240
9 470, oof®
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17.
18.
19.

20.

21,
22.
23.
24.

25.
26.

27.

28,
29.
30.
31.
32.

PDA + 3g peptone, 3g yeast extract,
activ. charcoal.

7mg
PDA
PDA
PDA
PDA
PDA
PDA
PDA
PDA
PDA
PDA
PDA
PDA
PDA
PDA
PDA
PDA

+

+

3g peptone, Jg malt extract.
3g malt extract, 2 spawn grains.

3g malt extract, 3g veast extract.

3g malt extract. Tmg activ. charcoal.

3g peptone, 39 yeast extract.

3g veast ext., Z spawn grains.
malt extract.

7mg activ. charcoal, 2 spawn grains.
3¢g peptone, 2 spawn grains.

2 spawn grains.

3g peptene, 7mg activ. charcoal.
3g peptone.

39 veast ext., 7mg activ.charcoal.
7mg activ. charcoal,

3g veast extract.

alone.

N = Number of plates.
ANOVA (df 31,252) (0.05) = 18.55 :- Significant.

means with the same letter

= BV < Y = Y . Y Y Y T - DT - . AL = B - T T - R ¥+

w

37

469, gofdh

464, 44M9b
463, 56
459, 28N

445 . 440

438 . 1103k

435,
428.
434.
424.
417.

403

402.
296.
395,
289.
357.

7 ghikkl
1 1i1klR
7giikla
potikin
117k

gkl

3 3“!’!
6'}1[1’[
7 81%
11]11'(
56"

are not significantly different.
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Table 7¢: Rate of germination of spores of Lentinus
S8quarrosulus under different treatments in fresh
veast extract agar {(YEAl).

e e A — i o e T e o, e ey o - et o B R L S T T B i T . T S e B e . B . . bl o o e

Treatment K Mean

1. YEA + 3¢ peptone, 3¢ malt ext., 3g yeast g  452.44%
ext., 7mg activ. charcoal, 2 spawn grains.

2. YEA + 3¢ peptone, 3g malt ext.,3g yeast 9 452,33
ext., 2 spawn grains.

3. YEA + 3¢9 malt ext., 3g yeast ext., 9 439,560
7mg activ. charcoal, 2 spawn grains.

4. YEA + 3g peptone, 3¢ malt ext., 7mg activ. 9 437,780
charcoal, 2 spawn grains,

5. YEA + 3¢ malt ext., 3¢ yeast ext., 2 spawn 9  416.89.F
grains.

6. YEA + 3¢ malt ext., 3g veast ext., 7mg 9 415.220¢

b activated charcoal.

7. YEA + 3g peptcone, 3g malt ext., 3g veast 9 414,67
ext., Tmg activ. charcoal.

8. YEA + 3g peptone, 3g malt ext., 2 spawn 9 409.22ﬁ
grains.

9, YEA + 3g peptone, 3g yveast ext., 7mg 9  408.67%
activ. charcoal, 2 spawn grains.

10. YEA + 3g malt ext., Tmyg activ. charcoal, g 408.44Cd
2 spawn grains.

11. VYEA + 3g peptone, 3g malt ext., 3g 9 399,673
yeast extract.

12. YEA + 3g peptone, 3g malt extract, 7mg 9 398,220
activ. charcoal.

13. YEA + veast extract, Tmg activ, def
charcoal, 2 spawn grains. 9 394, 7g%¢

14. YEA + 3¢ malt ext., 3g veast ext. g 383.89%I9

15. YEA + 3g peptone, 3g malt ext. 9 381.11¢%



16,

17.

18.

19.
20.
21.

22.
23.
24.
25.
26.
27.
28.
- 29,
30.
31.
32.

YEA + 3¢ peptone, 3g veast ext., 7mg

2 B = Y 2 LT~ ¥ 2 |

374

373

365
358
355

344
344

335,

334
322
316
314
305
290
287
282
230

39

\ 44%f'§h

.0ofth

, 673
. zgqhij
. 56h'lj

.89tk
113K
11k,
.00l
44Kl
.44t
.33le
. 1OAT0
. 00W
.11°
.56
78

activ. charcoal. 9
YEA + 39 peptone, 3g veast ext., 2 spawn

grains. 9
YEA + 3g peptone, 7mg activ. charcoeal,

2 spawn grains. 9
YEA + 3¢g malt extract, 2 spawn grains. 9
YEA + 3¢ yeast extract, 2 spawn grains. 9
YEA + 3g malt extract, 7mg activ,

charcoal.,

YEA + 3g peptone, 3g yeast extract.

YEA + 3g peptone, 2 spawn grains.

YEA + Tmg activ. charcoal, 2 spawn grains.

YEA + 3g yeast ext., 7mg activ. charcoal.

YEA + 2 gpawh graing.

YEA + 3g malt sxtract. 9
YEA + 3g peptone, 7mg activ. charcoal. 9
YEA + 3g yeast extract. 9
YEA + 3¢ peptone. 9
YEA + 7mg activ. Charcoal. 9
YEA + alone. 9
N = PNumber of plates.

ANOVA (df 31, 252} (0.05) = 32.78:- Significant.
means with the same letter are not significantly different.
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Table 7d: Rate of germination of spores of Lentinus
gquarroguius under different treatments in ready
made yeast extract agar (YEAZ).

eatme B Mean
1. YEA + 3g peptone, 3g malt ext., 3g 9 445,78t

veast ext., 7mg activ. charcceal,
2 spawn graing.

2. YBA + 3g peptone, 3¢ malt ext., 3g 9 447,781
vyeast ext., 2 spawn graims.

3. YEA + 3g malt ext., 3¢ veast ext., 9 436,220
Tmg activ. charcoal, 2 spawn grains.

4, YEA + 3g peptone, 3g malt ext., 7mg 9 431, 33ebed
activ. charcocal, 2 spawn grains.

5. YEA + 3g peptone, 3g malt ext., 3¢ 9 422,110
yeast ext., 7mg activ. charcoal.

6. VYEA + 3¢ malt ext., 3g yeast ext., 9 418, potded
2 Spawn grains.

7. YEA + 3g peptone, 3g malt ext., 39 9 416, goodet
yeast ext.

8. YEA + 3g malt ext,, 3g yveast ext., Tmg 9 411 . 33%%¢
activ. charcoal.

9. YEA + 3y peptone, 3g malt ext., 9 407.67%09
2 spawn grains.

10. YEA + 3y peptone, 3g yeast ext., 9 404. 780
7mg activ. charceal, 2 spawn grains.

11. YEA + 3g malt ext., 7mg activ. 9 397. 780
charcoal, 2 spawn grains.

12, YEA + 3g peptone, 3g malt ext., 7mg g 393.78M
activ. charcoal.

13. YEA + 3¢ yeast ext., 7Tmg activ. 9 381, 5¢h!
charcoal, 2 spawn grains.

14. YEA + 3g malt ext., 3g yeast 9 379.67Mj
axXtract.

15. YEA + 3¢ peptone, 3g yveast ext., 9 373.00“k

2 spawn grains.



16.

17.
18,

19.

20.

21.

22.
23.

24.
23.
26.

27.

28.

29.
30.
31.
32.

YEA + 3g peptone, 3¢ yveast ext., 7mg
activ. charcoal,

YEA + 3g peptone, 3g malt extract.

YEA + 3¢ malt extract, 2 spawn
grains.

YEA + 3g yveast extract, 2 spawh
graing.

YEA + 3g peptona, 7mg activ. charceal,
2 spawn grains.

YEA + 3g malt extract, 7mg activ.
charcoal.

YEA + 3y peptone, 3g veast extract.

YEA + Tmg activ. charcoal, 2 spawn
grains.

YEA + 3g peptone, 2 spawn grains.
YEA + 2 spawn grains.
YEA + 3g malt extract.

YEA + 3g yveast ext., 7mg activ.
charcoal.

YEA + 3g peptone, 7mg activated
¢harceal.

YEA + 3g yeast extract.

YEA + 3¢ peptone.

YEA + 7mg activated chardoal.
YEA + alone.

N = Number of plates.

¥+

w O W oa W =

L' = V= LY - B ¥ -

368.67%

364. 00K
360, 2248

352, 675w
345, 33
341 . g9iMe

339, 5aM0
334, 33W0F

332.33%P
326.22M
314,330
307.00U8

300,788

290, 784

288.33%
273,330

251, 448

ANOVA {d4f 31,25%2) (0.05) = 41.77 :- Significant.
means with the same letter are not significantly different.
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Table 7e:; Rate of germination of spores of Lentinusg
sguarrosulus under different treatments in fresh

Sabouraud’'s dextrose agar (SDAl).

42

10,

11.

12.

13.

14.

15.

SDA + 3¢ peptone, 3g malt ext., 3¢
vyeast ext., 2 spawn grains.

SDA + 3g peptone, 3g malt ext., 3¢
yeast ext., Tmg activ. charcoal, 2 spawn
grains.

SDA + 3g malt ext., 3¢ yeast

ext., 7mg activ. charcoal, 2 spawn grains.

S8DA + 3g peptone, 3g malt ext., 7mg
activ, charceal, 2 spawn grains,

SDA + 3g malt extract, 3¢ yeast ext.,
2 spawn grains.

SDA + 3g peptone, 3g malt ext.,
2 spawn grains.

SDA + 3g peptone, 3¢ malt ext.,
3g veast ext., 7mg activ., charcoal.

SDA + 3g peptone,-3g yeast ext., 7mg
activ. charcoal, 2 spawn grains,

SDA + 3g malt ext., 3g yeast ext.,
Tmg activ. charcoal.

SDA + 3g peptone, 3g malt ext., Tmy
activ. charceal.

SDA + 3g peptone, 39 yeast ext.,
2 spawn grains.

SDA + 3g malt ext., Tmg activ.
charcoal, 2 spawn grains.

SDA + 39 veast ext., 7mg activ.
charcoal, 2 spawn grains.

8DA + 3g peptone, 3g veast ext., 7mg
activ. charcoal,

SDA + 3g peptone, 3g malt ext., 3¢
yeast extract.

N mean

9 571 .56
9 567 .89
$ 558,22

9  552.118

9 549, 33°
9 544,750t
9 532,220t
g 514, 33bcte
9 508, goced
9 506 . 678¢
9 492,674
9 471.330
9 464,11
9 453.78l
9  452.00M



16.
17.
18.

19.
20.

21.
22.
23.

24.

25.
26.
27.
28.
29.
30.
31.
32.

SDA + 3g malt ext., 2 spawn grains.
SDA + 3g malt ext., 3¢ veast extract.

8DA + 3¢ peptone, Tmg activ. charcoal,
2 spawn grains.

SDA + 3g peptone, 3g malt extract,

SDA + 3g malt ext., 7mg activ. charcoal.

SDA + 3g yeast ext., 2 spawn grains,
8DA + 3g peptone, Z spawn grains,

SDA + 7mg activ. charcoal, 2 spawn
grains.,

SDA + 3g yeast ext., Tmg activ.
charcoal.

SDA + 2 spawh graims,

SDA + 39 malt extract,

SDA + 3g peptone, 7mg activ. charcoal,
SDA + 3g peptone,

SDA + 3g veast extract.
SPA + 39 peptone, 3g yeast extract,
SDA + 7mg activated charcoal.

SDA + alone.

N = Numher of plates.

ANOVA (4f 31.,252) (0.05) = 26,34:- Significant.
means with the same letter are not significantly

different.

o

L = = S = e - B V- B ¥ B F e

447,670
445 .89

437, 56
436 . 78M]
421.441%

418, 8glikl
413,221k

404,00
389, g9kt

385, 67k
378. 67118
377,891
359,334
356, 444
350,228
347.67
296.78°

43
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Table 7f{: Rate of germination of sporeg of Lentinus
squarrosulus under different treatments in ready made
Sabouraud's dextrose agar (SDAZ).

Treatment Mean

1. SDA + 3g peptone, 3¢ malt ext., 3¢ veast 570,224
ext., 2 spawn grains.

2. SDA + 3g peptone, 3g malt ext., 3g veast 558,67
ext., 7mg activ. charcoal, 2 spawn grains,

3. SDA + 3g malt ext., 3g yeast ext., 7mg 554,67
activ. charcoal, 2 spawn grains,

4. SDA + 3g peptone, 3¢ malt ext., 7mg activ. 547 .89
charcoal, 2 spawn grains.

5. 8DA + 3g malt ext., 3g yeast ext., 540 .22
2 spawn grains.

6. SDA + 3g peptone, 3¢ malt ext., 3g yeast 531 . 56%0°
ext., Tmg activ. charcoal.

7. SDA + 3g peptone, 3¢ malt ext., 2 spawn 530, §740¢
grains.

8. SDA + 3¢ peptone, 3g yeast ext., 7mg 508.67Md
activ. charceoal, 2 spawn grains.

9. S8SDA + 3g malt ext., 3g yeast ext., 7mg 507 . 1 1bcde
activ. charcoal.

10. SDA + 3g peptone, 3g malt ext., 7mg 497 560

activ. charceal.

11. SDA + 3g peptone, 3g yeast ext., 2 spawn 490, 3300

grains.

12, SDA + 3g malt ext., 7mg activ. charcoal, 469, 1109

2 spawh grains.
13. SDA + 3g yeast ext., 7mg activ. charcoal, 465, 6749
2 spawn grains.

14, SDA + 3g peptone, 3g malt ext., 3g yeast 454.78“h

extract.

15. SDA + 3¢ peptone, 3¢ veast ext., 454.:1.1”h

Tmg activ. charcoal.



16.
17.
i8.
19.

20.

21,
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.

SDA + 3g malt ext., 2 spawn grains.
SDA + 3g malt ext., 3g yeast extract.
8DA + 3¢ peptone, 3¢ malt extract.

SDA + 3g peptone, Tmg activ. charcoal,
2 gpawn grains,

SDA + 7gm activ. charcoal, 2 spawn
grains.

SDA + 3g veast ext., 2 spawn grains.
SDA + 39 malt ext., 7mg activ, charcoal.
SDA + 3¢ peptone, 2 spawn grains.

SDA + 2 spawn grains.

3DA + 3g veast ext., 7Tmg activ. charcoal.

SDA + 3g peptone, 3¢ yeast exiract.
SDA + 3g peptone, 7mg activ. charcoal.
SDA + 3g malt extract,

SDA + 39 yeast extract.

S5DA + 3g peptone,

SDA + 7mg activated charcoal.

SDA + alone,

N = Number of plates.

ANOVA (df 31,252) (0.05) = 22.80:- 8ignificant

L= N = ¥ o Y - e = I Yo N ¥+

LT = T s Y = ¥

445,
443,
436,

434,

418.
. 560

416

416.
413,
392.

385
381
374

373,
395,
4481

353

350.
297.

45
7gih
781
679

7%
33l

440
33i*

2208
.89”“
'44jk1

67K
448

56!
78t

means with the same letter are not significantly different.



10.

11.

12.

13,

14.

46

Table 7g: Rate of germination of spores of Lentinus

sguarrosulus under different treatments

(pooled data).

e A e e e e T T e Al A o ok b e . . e e e R e . . ok W e o s T T i o e T L L . o T i . o A o . o o

media, 3¢ peptone, 3g malt ext., 3g yeast
ext., Tmg activated charcoal, 2 spawn
grains.

media, 3g peptone, 3g malt ext., 3g yeast
eXxt., 2 spawn grains.

39 peptone, 39 malt ext., 7myg

charcoal, 2 spawn grains.

media,
activ.

3g malt ext., 3g veast ext.,7mg
charcoal, Z spawn grains.

media,
activ.
media, 3g malt ext., 39 veast ext.,
Z2 spawn grains.

media, 3¢ peptone, 3g malt ext., 3g yeast
ext., Tmg activ. charcoal.

3g malt ext., 2 spawn

media, 3g peptone,

grains.
3¢ peptone, 3g veast ext,, Tmg
charcoal, 2 spawn grains,

media,
activ.

3g malt ext., 3g veast ext., 7mg
charcoal.

media,
activ.
media, 3g peptone, 3g malt ext.,
charcoal.

media, 3g malt ext., 7mg activ. charcoal,
2 spawn graians.
media, 3g peptone, 3g veast ext.,
2 sSpawn grains.

media, 3g peptone, 3¢ malt extract, 3g
yeast extract.

media, 3g yveast ext., Tmg activated

charceoal, 2 spawn grains.

7mg activ.

54

54

24

54

34

54

54

24

24

54

54

54

54

515. 5680
510.69"
507.09°
498, 20¢te
496, 7grte
480, 911¢f
478, 31%%
472, 44808
457,171
456,690
452, 5200

442, 940



15.

16.
17.
18.
19,

20,
21.
22,
23.
24.
25.
26,
27,

28.
29.
30.
31.
32.

media, 3g peptone, 3¢ yveast ext., 7mg

activated charcoal.

media, 3g malt ext., 3g yeast extract.

media, 3g peptone, 3g malt extract.

media, 3g malt extract, 2 spawn grains.

media, 3g peptone, 7mg activ.

2 spawn grains.

charcoal,

media, 39 yeast ext., 2 spawn grains.

media, 39 malt ext., 7mg activ. charcoal.

media, 3g peptone,

media, 7mg activ. charceal, 2 spawn grains.

2 spawn graigs.

media, 3g peptone, 3g yeast extract.

media, 2 spawn grains.

media, 3g malt extract.

media, 39 yveast extract, 7Tmg activ.

charcoal.

media, 3g peptone, 7mg activ.

media, 3g peptone.

media, 3¢ yeast extract,
media, activated charcoal.
media alone,

N = Number of plates.

AROVA (d4f 31,1658)(0.05) = 43.18

charcoal

o4
54
24
54

54
54
24
24
24
54
54
54

54
54
54
54
54
54

:~ Significant.
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431, 94tk
430, 26!
424 1911
423. 26

418, 9gtl
406, 07kl
402,93l
392,37/
3%0. 59"
382.89MM0
375,94
373.83W

367. 560
361,330
348,177
346, 654
340, 11"
301,288

means with the same letter are not significantly different.
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4,.2.2 Effect of media on germination rate irrespective of
different treatment and incubation method.

The results show that there is a significant difference
in the germination rate in the different media. The best
germination rate was produced in potato dextrose followed by
Sabouraud's dextrose and yeast extract agars respectively
{Table 8a). There was however, no significant difference in
the mean germination rate in reference to the mode of media
preparation viz. fresh or ready made, within the same media
categories. There was, however, significant differences in the
rate of germination between three different categories of
media with the lowest number of germinated spores occuring on
synthetic yeast extract agar {(Table 8h, Plate 7}.

4.2.3 Effect of different incubation methods on
germination rate.

There was a significant difference in the germination
rates under different incubation methods. The highest
germination rate was recorded in continuous darkness in four
of the six media including ready made yeast extract, fresh
potato dextrose, ready made Sabouraud's dextrose and fresh
Sabouraud's dextrose while in fresh yeast extract and ready
made sabouraud's dextrose the best germination was found under
intermittent light (Table 9a)., The overall pooled reszults
showed that continuous darkness was the best followed by

intermittent and continuous light {Table 9b).
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Table 8a: Rate of germination of spores of Lentinus
squarrosulus on three dififerent agar media
irrespective of different treatment and incubation
method (pooled data).

o g S U

media N mean

Potato dextrose 576 74,4180
8abouraud’'s dextrose 376 449,740

Yeast extract 576 365.944°

O T TR Ny Sy P RV ML —" S —— — — .

N = Number of plates.
ANOvA (4f 2,168%)0.05) = 384.07:~ Significant.
means with the same letter are not significantly different.



Table 8b:
N

Fresh
veast 288
extract
Ready made
veast 288
extract

Ready made
potato 288
dextrose

potato 288
dextrose

Ready made

50

Rate of germipatiqn of spores of Lentinus
gguarrosulus in six different agar media.

—— e —— . — - —— -— f Y iy i N N R S p—

Standard
Mean Deviation Sum Min Max

—————— T — e — T " e T T ke S . . W e e e S i e . B e U ey . - e e u

i — e g e i e i . e . . i e . e L e o e e L Ak o e i e e T R Al s, e S S

sabouraud's 288 449.24653" 184,41541 129383 162.0000 841.0000

dextrose

Fresh

sabouraud's 288 450.2364" 184.99983 129667 162.0000 835.0000

dextrose

T G ke Y S e oy it -

FE R L e A PR L R P P P T

N = number of plate.
ANQVA( 4&f 5, 1685)(0.05) = 384.07 :- Significant.
means with the same letter are not significantly different.



L. squarrosulus spores germinating on non-
supplemented yeast extract agar incubated
intermittent light.

1n
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Table %a: Effect of incubation methods on the germination
rate of Lentinus squarrosulus spores in 6
different media.

e e A ——————— T — e oy T s ] . S o . AL U T o o o o o o o b . . . o o

Media Incubation method N Mean
Fresh intermittent light ¢ 9% 500.740°
yeast continucus darkness 96 362,542
extract continuous light 96 239.83%°
Ready made continuous darkness % 496.969°
yeast intermittent light 96 355,958
extract continuous light 96 239.625
Ready made intermittent light 95 671.906%
potato continuous darkness 96 481,845
dextrose continuous light 96 269.562°
Fresh continuous darkness 96 668.2814
potato intermittent light g6 483.875
dextrose continuous light 96 270.969
Ready made continuous darkness ¢ %6 652.6467
Sabouraud’'s intermittent light 96 446.135
dextrose continuous light 96 248. 958
Presh  continuous darkness 96  653.229%
Sabouraud's intermittent lights 96 446,521

dextrose continuous light 96 250.948°
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N = number of plates

fresh yeast extract - ANOVA {(df 2,252)(0.05)= 2099.15:- sign.
rgady made yeast extract - ANOVA {(df 2,252)}{0.05) = 2642.45%;~
gign.

ready made potato dextrose - ANOVA (df 2,252)(0.05) =
1948.75:- sign.

f;esh potato dextrose - ANOVA (d4f 2,252)(0.05) = 1430.,06 :-
glgn.

ready made Babouraud's dextrose - ANOVA (df 2,252){0.05) =
1936.68:- sign.

fresh Sabouraud's dextrose - ANOVA (df(2,252)(0.05) =
2022.60:- sign.

means with the same letter are not significantly different,
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Table 9b: Results for the effect of incubation methodg on the
germination rate of Lentinus sguarrosulus spores
{pooled data).

o o e T T e . A T T . . T o o o . o . o T . R T W EEL A= L i TS i o R ke S W EEn oy L . e e

Incubation method N Means
Continucus darkness 576 552, 5908
Intermittent light 576 484,189
Continuous light 576 153.316°
N = HKumber of plates.

ANOVA (4f 2,1685)0.05) = 2921.71:- Significant
means with the same letter are not significantly different
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4.3 SPAWN EXPERIMENT
The casing experiments conducted with the spawn of

Lentinus sguarrosulus produced negative results, Neither the

one cased with sterilized scil nor the one cased with non-
sterilized soil produced fruiting bodies under any of the
incubation conditions,
4.4 HYPHAL CULTURE

Out of the 15 mushroom samples only L. gguarrgsulus
(sample No.2) and T. clypeatus (sample No.9) were found to
grow. Lentinus squarrogulus grew on all the dJdifferent media
under the three conditions of incubation while the

Termitomyces clypeatus only grew in formulated media HCM2

which had been incubated in continuous darkness, Microscopic
examination of the hyphae revealed that it was septate without
clamp connections.

There was a significant difference in mycelia growth on
the different media. The best growth was exhibited under
formulated media HCM2 while the poorest growth was found in
the streptomycin treated PDA. This same trend was noticed in
the pooled data (10 and lla-c). The method of incubation had
a significant effect on mycelial growth. Both species of
mushroom produced their best mycelial growth under continucus
darkness and their poorest under continuous light. The pooled

data also confirmed the same general trend (114 - f).
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It was evident from the data that there exists a

significant difference in the rate of mycelial production from

the two mushroom species. The L. sguarrosulys produced a much

higher mean value of mycelial growth than the T. clypeatus
(Table 11g}.
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Table 10: The mycelial growth of 1. clypeatus and L. squarrosulus
10 liquid cultures under different conditions of incubation.
Nushroos Species
pedia Incubation 1. clypeatus L. squarrosulus
Method
Forsulated continuous 11t 18 15 30 96 ]
sedia ACM1  light
intersittent 1 1 3] 125 11 11
light
continuous 63 §4 15 16¢ 161 187
darkness
Forsulated continuous T n 81 109 104 115
pedia HCM2  light
intermittent 142 138 146 e 137 18
light
continuous 184 192 178 172 166 181
darkness
Acidic PDA  continuous 25 19 23 (1] i §2
light
intermittent 0 35 £} 108 102 112
light
continuous 45 50 53 14 129 128
darkness
Streptomycin continuous 08 12 10 45 52 3
treated PDA light
intermittent 20 18 11 10 65 52
light
continuous 1 1 2% §2 96 87
darkness

tag dry weight myceliuam per 100al culture medium.
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Table 11a: Effect of different hyphal culture media on
mycelial growth of L. squarrosulus.

Media treatment N Mean
Formulated media HCM2 % - 141.4480
Formulated media HCM1 9 127,111
Acidic PDA 9 101.778°
Streptomycin treated PDA 9 60,556

N = Number of plates.
ANOVA (df 3,30) = 88.40:- Significant.

Table 11b: Effect of different hyphal culture media on
mycelial growth of T. glypeatus.

Media treatment N Mean -~
Formulated media HCM2 9 1347780
Formulated media HCM1 9 39,778
Acidic PDA 9 34.556"
Streptomycin treated PDA g 18,222

e e e e e e e e e T P R T Y . B s T ko S by T s e

N = Number of plates.
ANOVA(df 3,30) = 91.55:~ SBignificant.
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Table 1lc: Effect of different hyphal culture media on

mycelial growth of L. squarrcggulusg and J.
clypeatus (pooled result).

e o e, T . T T gy, Sl gt T e e L b, o e e g A o L ol S e L e o e e Pk i o M e W e —— ——

Media treatment N Mean
Formulated media HCM2 18 138.111%
Formulated media HCM1 18 83.444"
Acidic PDA 18 68.167
Streptomycin treated PDA 18 39. 389

N = Number of plates.
ANOVA(df 3,65) = 69.92:- Significant.

Table 11d: Effect of different incubation methods on
mycelial growth of L. sguarrosulus.

ey i B . v ke e S o e . L e . B . e i o VS e T Y Bk e S . VP T, PR i S S S T EE A YEP v b T e A ke —

Incubation wmethod N Mean
Continuous darkness 12 139583
Intermittent light 12 105,250
Continuous light 12 78 333

N = Number of plates.
ANOVA(df 2,30) = 88.32:—- Significant.
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Table 1le: Effect of incubation method on mycelial growth of
T. clypeatus.

L et S o T . T S S L et TH WL T L S T W ML W ] L AL oW e et WSy W Sy T N g L e T S T it T . R, e B o P e e L M Y . . i e e

Incubation method N Mean
Continuous darkness 12 . 82.0008
Tntermittent light 12 57,417
Continuous light 12 31.083

— A Y e Tk b T B et B B B i e e i e e W e ek e . R . ol o e e . i . o o s o ol o o o o i . o o i

N = Number of plates.
ANOVA(df 2,30) = 28.42:- Significant.

Table 11f: Effect of incubation method on mycelial growth of

L. squarrosulug and T. ¢lypeatug(pocled resultsl.
Incubation method N Mean
Continucus darkness 24 110,792
Intermittent light 24 81.3330
Continuoug light 24 54,708

N = Number of plates.
ANOVA(Qf 2,65) = 42.68:- significant

Table 11g: The mycelial growth of L. sgquarrosulus and T.
clypeatus under different treatments and
methods of incubation (pooled data).

Mushroom species N Mean
Lentinus squarrosulus 36 107.722¢
Termitomyces clypeatus 36 56.8330

N = Number of plates.
ANOVA (4f 6, 65) = 105.34 :- Significant.
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4,5 CARPOFPHORE PRODUCTION

Carpophore was not produced in compost media 1, compost
media 2, rice straw, cased modified rice straw, and spawned
gawdust cased with unsterilized soil while fruiting bodies
developed in the rest of the media (Table 12). Time required
for carpogenesis was also found varying. It took much shter
time in modified rice straw and longest in cased spawned
sawdust (Table 13, Plate 8). It is also clear from table 13
that two flushes of carpophore were produced in each of the
three media viz. modified rice gtraw, spawned sawdust, and
animal bedding and rice, while only ohe flush of carpophores
wag produced in each of the rest of the two media.

Measurement of the carpophores produced in different
media were recorded. Pileus of the carpophores from different
media apparently showed variations in their mean diameter but
they proved to be statistically insignificant (Table 14a).
8imilar results were obtained with the measurements of stipes
{Table 14b and ¢).
4.6 TRAUMATIZED HYPHAE

The traumatized hyphae of L. squarrgsulus produced

negative results. The hyphae in both the synthetic and fresh
potato dextrose failed to produce fruit under all conditions

of incubation.
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Table 12: Studies on the development of fruiting bodies
of Lentinus squarrosulus in different media.

media fruit production
~ compest1 . -
~ compost2 - -
 Rice straw - -
 Modified rice straw - v
 Cased modified rice straw
(unsterilised soil) -
 Spawned sawdust .
" Cased spawned sawdust (sterilizea
Soil) +
 Ccased spawned sawdust
(unsterilized soil) -
" Animal bedding and rice v
 sawdust and oatmeal "
Key no fruit production.

+ = successful production of fruit.
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Table 13: Time period for carpogenesis of Lentinus
squarrosulug in different media.

first fiush

second flush

third flush

media

pinhead opening of
formation pileus

pinhead opening of pinhead opening

formation pileus

formation pileus

Modified
rice straw

22-23days Z25-28days

40-41days 44-45days

Spawned
sawdust

37-44days 47-31days

53-%7days 61-62days

Animal bedding
and rice

38-39days 43-44days

93-54days 59-€0days

Sawdust and
oatmeal

37-38days 42-43davs

Cazed spawned
sawdust

74-75days 77-78days

. T . T e TES S et o b et i e Bl e, e e e S et 1 S U o S =l B e S e o S e =B, T B i e P
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Plate 8. L. squarrosulus fruiting on spawned sawdust media
cased with sterilized soil.




€5

Table 14a: Pileus diameter of Lentinus squarrosulusg in
different media.

. o e . T . o W e . g o o o e . o TR s e . e, e . .k Py D W Al i B B ik ) L o g b e . R A T T A P . e

pileus diameter pooled
standard gtandard
media range mean deviation deviation F
Modified 1.1-1.4cnm 1.27¢m 0.126 1.188 2.03
rice
straw

Spawned 1.2-5.2cm 3.00cm 1.661
sawdust

Cased 0.8-1.5cm 1.13cm 0.351
gpawned

sawdust

Animal

bedding 1.5-1.%9cm 1.70cm 0.283
and rice

Sawdust and

catmeal 2.1cm 2.10¢cm 0.000

e e o e — T . ik T Ak ko W U o T i o L Al et A b e TS L Bk ey T S e bl THY. M e e B Sk b gy Y R e ey L T e e R

af (4, 12) (0.05) = 3.25 :- Not significant.
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Table 14b: Stipe diameter of Lentinus squarrosulus in
different media.

o — T Ak e o o e e o e = TR T N e o TP WL L B bk, . R - R 1 o —rr o . e oy . A T o e e e ——

Stipe diameter pooled
standard standard
media range mean deviation deviation F
Modified 0.3-0.3cm ©0.300cm 0.000 0.07918 1.08
rice
straw
Spawned 0.3-0.5cm 0.386cm 0.899
sawdust
Cased 0.3-0.4cm 0.333cm 0.977
spawned
sawdust
Animal
bedding 0.3-0.5cm 0.400cm 0.141
and rice
Sawgust and
oatmeal 0.3cm ¢.300cm 0.000

af (4, 12) (0.05) = 3.25 :- Not significant,
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Table 14c: Stipe length of Lentinus squarrosulus in

different media.

Modified
rice
straw

Spawned
sawdust

Cased
spawned
sawdust

Animal
bedding
and rice

——— ———————— ———— T ———————————— T —— —— —— T ——— T ————————— o ——————

Sawdust and
oatmeal

pooled
standard standard
deviation deviation F
0.126 1.091 1.27
1.493
0.624
1.13%
0.000

af (4, 12) (0.05) =

range mean
2.9-3.2cm 3.07cm
2.8-7.2cm 4.07cm
4.2-5.4cm 4.90cm
3.4-5.0cm 4.20cm
3.2 3.2
3.25 :-

Not significant.
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CHAPTER FIVE

DISCUSSION

Fungi have been used as an educational medium for long.
Herbivore dung, for example has been used to demonstrate the
principles of succession and competition in fungi (Hudson,
1972). More recently gilled fungi have been cultured in the
laboratory for demonstration purposes. (Flegler, 1979a,
1979b).

The primary problem in mushroom culture is the
germination of basidiospores. The present investigations
showed that some Basidiomycetes do not germinate even when the
media were supplemented with natural extracts such as yeast
extract, malt extract and peptone. The use of activated
charcoal to remove any inhibitory affect which may be present
in the media produced negative results for 14 out of the 15
specimens (Table 1) although it produced positive results for
Butler and Bolkan (1973) and Fries (1978;1979;1983a). The
attempt made to use mycelium of L. squarrosulus to induce
germination of the other 14 species failed, probably because
the Lentinus spp. was not taxonomically closely related to the
other mushroom species as confirmed by earlier findings
(Losel,1964; Fries 1979; 1983b).

The only mushroom species which consistently germinated
and developed in all the different media was L. squarrosulus,

which is a lignicolous variety. This tallied with the findings
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by Pries (1966) that lignicolous spp. produced spores which
readily germinate due to the fact that they live on ephemeral
substrates. The hyphae produced was found to be septate with

clamp connections.

The germination rate of L. sguarrosulus was closely

examined under 6 different media, 3 incubation methods, and 32
treatments{Tables 7a - 79, 8b,9a, and 9b). The media treatment
which produced the highest germination rate in most of the
different media was the one with all the supplements and
additives with the control having the poorest germination
rate, In most cases the mean germination rate increased by up
to one-third after supplementation with malt extract which
produced the highest mean germination rate of all the
supplements when added alone. These results on L.

ros are in agreement with earlier findings that
supplements such as yeast extract, malt extract, and peptone
aid germination (Bistis, 1970; Stocks and Hess, 1970; Chapman
and Baranchovich, 1979; McDaniel and Hindal, 1982;
Fries,1983a; 1983b).

Spawn was also found to be effective in increasing
germination rates and produced effects which were comparable
to media which had been supplemented with malt extract.
Scrutiny of the results support findings by Schisler et al,
(1967) and Royse and May (1982).

Lentinus sqguarrosulus produced the second poorest

germination rate in 5 out of the 6 different media which were
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only supplemented with activated charcoal. Much better
germination rates were obtained when charcoal was added in
conjunction with other supplements as also reported by Fries
(1977;1978;1983a) (Table 7a - 7yg).

There was a significant difference in the germination
rates in different media. The results showed that potato
dextrose agar was the best media for the germination of spores
(Table 8a) which confirmed earlier findings by Watling (1981)}.
There was, however, no significant difference in the
germination rate in media made fresh from laboratory
components or ready made (Oxoid) (Table 8b).

The condition of incubaticn had a significant effect on
the germination rate of L. sguarrosulus. The results showed
that continuous darkness was the best followed by intermittent
light and continuous light (Table 9a and 9b). This confirmed
earlier findings that excess light reduces spore germination
(S8inger, 1961; Gottlieb, 1978).

The casing of L. sguarrosulus spawn produced negative
results unlike the findings of San Antonio (1971} and Bigwood
(1977). Evidently L. sguarrosulug behaves differently from
Agaricus bisporus and certain species of Psilocybe which
readily produce carpophores when their spawn is cased {San
Antonio, 1971; Bigwood, 1977).

Because Of the difficulty of spore germination, hyphal

culture was attempted. Of the 15 samples, only L. sguarrosulus

and T. clypeatus couid be cultured. The T. ¢lypeatus only
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grew 1in media which had Dbeen supplemented with thiamine
hydrochloride, asupporting earlier <findings that most
Termitomyces are heterctrephic for thiamine (Purkayastha and
Chandra, 1975; Chandra and Purkavastha, 1977; Batra and Batra,
i979). The hyphal culture was found to be septate without
clamp connections as earlier reported by Zoberi (1972).

The rate of hyphal growth in the 4 different media was
examined quantitatively (Table 10}. The results suggested that
formulated media HCMZ produced the best hyphal growth in both
L. squarrgsulus and T. clypeatus(Table 11a and 11b). The T.

clypeatus did poorly in the other three media because they did
not contain thiamine hydrochloride. Both mushroom species
produced better hyphal growth in formulated media HCM 1 than
in the acidic or streptomycin itreated PDA because it contained
supplements. Thig 1is supported by the finding that
supplements such as yeast and malt extract stimulate good
mycelial growth ( Burkheolder and Sinnot, 1945; Jennison et al,
1935; McTeague et al, 1959; Paranjpe gt al, 1979). The poorest
results for both species was produced in the streptomycin
treated PDA (Table 10b, 11a - 1ic). The results are supported
by findings that streptomycin tends to inhibit mycelial growth
(Coriell, 1973; Schaffner, 1979).

The incubation method had a significant effect on
mycelial growth. Both species produced their highest rate of
mycelial growth when incubated under continuous darkness

followed by intermittent light and lastly continuous 1light



72
(Table 114-11f). The results support the earlier findings of
Burkholder and Sinnott (1945), Hacskaylo et al (1954},and
Cangy (1994}).

The pooled data suggested that L. squarrosulus had a much
higher rate of mycelial growth than the T. g¢lypeatus (Table
11g). This may have been due in part to the poor growth of T,
clvpeatus on media without thiamine hydrochloride. The results
gsupport findings of Jennison (1948), Sugihara and Humefeld
(1954), Jennison et al {(195%), and Zadrazil (1978) that
lignicolous species such as Armillarja, Pleurotus and Lentinus
grow well and rapidly in submerged cultures.

Lentinus squarrosulus failed to produce fruiting bodies
in the two composted media {Table 12). This may have been due
to the preference of most lignicolous species for pasteurized
or sterilized media (Oei, 19381),.

The periocd for carpogenesis of L. sgquarrosulug was

shortest under the modified rice straw media and longest under
the gpawned sawdust media which had been cased with sterilized
soil (Table 13},

L. sgquarrosulus produced the best results with 7
basidiocarps on sawdust media. The replicates which were
inoculated with mycelial plugs did not fruit while the ones
inoculated with spawn produced the 7 fruiting bodies. This
finding was similar to the observation by schigler (1967) and
Zervakis and Balis (1991) that grains such as wheat used in

the manufacture of spawn stimulate fruiting. [. sguarrosulug
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produced the 2nd best result of 4 basidiocarps on modified
rice straw followed by cased spawned sawdust with 3
basidiocarps. Carpogenesis occurred on the cased spawned
sawdust because charcoal was added to the sterilized casing
80il. These findings are in agreement with those of Long and
Jacob (1974) and Angeli - couvy (1975). The fourth best
results of 2 fruiting bodies was observed on the animal
bedding and rice media while the poorest result of 1 fruiting
body was observed on the sawdust and oatmeal media. The
Lentinus produced stipe extensions which never reached above
the soil level in the spawned sawdust media cased with non-
sterilized soil but it totally failed to fruit on the cased
modified rice straw because the media became contaminated upon
contact with the unsterilized soil.

There was no statistical difference in the measurement of
the basidiocarps but there was an obvious difference in the
number of fruiting bodies produced in each media (Table l4a-
14c). All the basidiocarps produced were sterile or sporeless,
a character which is quite common in Pleurotid species or
wood-rotting agarics such as the Lentinus spp. (Eger, 1978;
Watling, 1981). It may be due to misbalance in nutrients, lack
of light, or the atmosphere above the culture being too dry or

stagnant (Watling, 1981).
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The traumatized hyphae of L. sgquarrosulus failed to

produce fruit although positive results have been obtained
with Clitocybe tenuigssima and 8Schizophvyllum c¢ommune by
Bigelow (1970) and Leonard and Dick (1973).
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CHAPTER SIX

CONCLUSION

The present studies show that it is possible to easily
culture certain species of mushroom in the laboratory around
the year so that they may be available for educational
purposes. Further work is required to be done so that all the
other species may be grown in the laboratory.

There 1is a need for more work on the higher
Basidiomycetes in Nigeria, not only for educational purposes
but for nutritional as well. B3ince spores are generally
difficult to germinate, emphasis should be placed on the
generation of pure cultures through the culturing of hyphae
from the pileus. Once this is achieved then work can progress

to the more pressing issue of fruit induction.
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APPENDIX 1

Macroscopic features of mushroom species used in the study,.

Bolbitius spp. A
Characters of the pileus.

Size {(width) 6.2Zcm.

Shape of pileus.

Side view - plane.

Top view — orbicular.

Colour of pileus - white with tan disc.
Margin of pileus.

8hape of margin (cross section) - plane.
Shape of margin (surface view) - entire.
Surface of pileus.

Shininess of pileal surface - dull,
Wetnesg of pileal surface - moist.
Texture of pileal surface {degree of hyphal association
on pileal surface) - downy - fibrillose.

-

QD sWe -

Characters of the Lamellae.

1 Attachment - free,
2 Spacing of gills -~ crowded.
3 Margin of gills - smooth.

Characters of the stipe.

Flesh of stipe - stuffed.

Presence or absence of veils on stipe.
Volva - absent.

Annulus - absent.

1. 8ize of stipe.

a Length - 4.4cm.

b wWidth - 1.2cm,

2 Attachment of stipe.

a Attachment to pileus - central.

b Attachment to substrate and basal tomentum - moderate

3 Shape of stipe.

a Cross section - terete.

b Longitudinal view - equal,

4 Congistency of stipe - fibrous, outside white and
cottony.

5

&

a

b

Growth habit- gregarious.
Type of fruiting body attachment - stipitate.
Spore colour - date brown
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Bolbitius spp. B

Characters of the pileus.

i. Size {width) 4.0cm.

2. Shape of pileus.

a Side view - mammilate

b top view - orbicular.

3. Colour of pileus - white.

4 Margin of pileus.

a Shape of margin (cross section) - inrolled.
b Shape of margin (surface view) - entire.

5 Surface of pileus.

a Shininess of pileal surface - dull.

b Wetness of pileal surface - moist.

c Texture of pileal surface (degree of hyphal association

on pileal suriace) - pruinose.
Characters of the Lamellae.

1 Attachment -~ free,.
2 Spacing of gills - crowded.
3 Margin of gills - crisped.

Characters of the gtipe.

1. Size of stipe.

Length - 4.2cm.

Width - 0.3cm.

Attachment of stipe.

Attachment to pileus - central.

Attachment to substrate and basal tomentum - moderate.
Shape of stipe.

Cross section - terete.

Longitudinal view - tapered from base to apex.
Consistency of stipe - fibrous.

Fiesh of stipe - hollow,

Presence or absence of veils on stipe.

Volva - absent,

Annulus - absent.

gloMaldewoinle

Growth habit- scattered.
Type of fruiting body attachment - stipitate,
Spore colour - date brown,
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Bglbitius spp. C

Characters of the pileus.

-

QDU W

Size {(width)} 2.8cm

Shape of pileus.

Side view - Dbroadly umbonate.

top view - orbicular.

Colour of pileus - cartridge buff pileus with vinaceous
buff disc.

Margin of pileus.

Shape of margin (cross section) - incurved.

Shape of margin (surface view) - entire.

Surface of pileus.

Shininess of pileal surface - dull,

Wetness of pileal surface - moist.

Texture of pileal surface (degree of hyphal association
on pileal surface) - glabrous.

Characters of the Lamellae

1
2
3

Attachment - free.
8pacing of gills - closa.
Margin of gills - smooth.

Characters of the stipe.

TP eFolpd =

Size of stipe,

Length - 2.5cm.

Width - 0.3cm.

Attachment of stipe.

Attachment to pileus - central, :
Attachment to substrate and basal tomentum - moderate.
Shape of stipe.

Cross section - terete

Longitudinal view - equal.

Consistency of stipe - cartilaginous.

Flesh of stipe - stuffed.

Presence or absence of veils on stipe.

Volva - absent,

Annulus - absent.

Growth habit - caespitose.
Type of fruiting body attachment - stipitate
Spore colour - cigar brown.
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Coprinus spp. A

Characters of the pileus.

Bize {width) 11.3 cm.

Shape of pileus,

Side view - plane

top view - orbicular.

Colour of pileus - light brown disc with the colour
radiating and fading.

Margin of pileus.

Shape of margin (cross section) - plane.

Shape of margin (surface view) - entire.

Surface of pileus.

S8hininess of pileal surface - dull.

Wetness of pileal surface - moist.

Texture of pileal surface (degree of hyphal association
on pileal surface)- g¢glabrous.

QoS obahs woonpe

Characters of the Lamellae.

3 Attachment - free.
2 Spacing of gills - crowded,
3 Margin of gills - smooth.

Characters of the stipe.

S8ize of stipe.

Length - 7.3 ¢m

Width - 1.3 cm

Attachment ¢of stipe.

Attachment to pileus - central.
Attachment to substrate and basal tomentum - moderate.
Shape of stipe.

Cross section - terete,

Longitudinal view - egual.

Consistency of stipe - fibrous.

Flesh of stipe - solid.

Presence or absence of veils on stipe.
Volva - absent.

Annulus - present, superior.

DY wFes N =

Growth habit- Scattered.
Type of fruiting body attachment - stipitate.
Spore ceclour - fuscous black.
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Coprinus spp. B

Characters of the pileus.

Size {(width) - 7.1 cm.

Shape of pileus.

Side view — plane with a shallow and narrow depression
1 cm wide at the centre of the pileus.

top view — orbicular.

Colour of pileug - white.

Margin of pileus,

Shape of margin {(cross section) - plane.

Shape of margin {(surface view) - entire.

Surface of pileus.

Shininess of pileal surface - dull,

Wetness of pileal surface - moist.

Texture of pileal surface {(degree of hyphal association
on pileal surface)- glabrous.

QoW oWy T Y

Characters of the Lamellae.

1 Attachment - frese,
2 Spacing of gills — crowded.
3 Margin of gills - smooth.

Characters of the stipe.

Size of stipe.

Length - b5c¢cm.

width - 1cm.

Attachment of stipe.

Attachment to pileus - central.

Attachment to substrate and basal tomentum - moderate.
Shape of stipe.

Cross section — terete.

Longitudinal view - tapered from base to apex.

Consistency of stipe - cartilaginous.
Flesh of stipe - solid.

Presence or absence of veils on stipe.
Volva - absent.

Annulus - present.

Growth habit~ scattered.

Type of fruiting body attachment -~ stipitate.
Spore colour - fuscous biack,

Aok TN LT N
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Coprinus spp. C

Characterg of the pileus,

-

Qo Tk WO

S8ize (width) - 8.8cm.

Shape of pileus.

Side view - plane,.

top view - orbicular.

Cqé?ur of pileus - dull white with light brown disc 2.2cm
wide.

Margin of pileus.

Shape of margin (cross section) - incurved.

Shape of margin (surface view) - entire,

Surface of pileus.

Shininess of pileal surface - dull.

Wetness of pileal surface - moist,

Texture of pileal surface (degree of hyphal association
on pileal surface) - glabrous.

Characters of the Lamellae.

1
2
3

Attachment - free,
Spacing of gills - crowded.
Margin of gills - smooth.

Characters of the stipe,

1.

ToduneogiwFoeg oo

8ize of stipe.

Length - %.5c¢m,

Width - 1.2c¢cm.

Attachment of stipe.

Attachment to pileus - central.
Attachment to substrate and basal tomentum - moderate.
Shape of stipe.

Cross section - terete.

Longitudinal view - equal.

Consistency of stipe - cartilaginous,
Flesh of stipe - stuffed.

Presence or abpsence of veils on stipe.
Volva - absent.

Annulus - present, superior.

Growth habit - gregarious.
Type of fruiting body attachment - stipitate.
Spore colour - fuscous black.
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Lentinus squarrosulus

Characters of the pileus.

Bize (width) - 5.4cm,

Shape of pileus.

S8ide view - shallowly depressed.

top view - orbicular.

Colour of pileus - White with light cream colour at the
centre of the indentation. The colour not always present.
Margin of pileus.

Shape of margin {(cross section) - incurved.

Shape of margin {(surface view) - entire.

Surface of pileus,.

Shininess of pileal surface - dull.

Wetness of pileal surface - moist.

Taxture of pileal surface {degree of hyphal association
on pileal surface) - glabrous.

ATPoaDad WrppH

Characters of the Lamellae

1 Attachment - subdecurrent.
2 Spacing of gills - crowded.
3 Margin of gills - smooth.

Characters of the stipe.

1. Size of stipe.

Length - 4.0cm.

Width - 0.8cm.

Attachment of stipe.

Attachment to pileus - central.

Attachment to substrate and Lasal tomentum - moderate.
Shape of stipe.

Cross sectior - terete.

Longitcdinal view - equal.

Consistency of stipe - leathery - fibrous.
Flesh of stipe - solid.

Presence or absence of veils on stipe.
Volva - absent.

Annulus - absent.

Growth habit - caespitose.

Type of fruiting body attachment - stipitate.
8pore colour - cariridge buff.

Coaodcmdiiwou bDrm
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Lepiota spp.
Characters of the pileus.

S8ize (width} - 20.5cm.

Shape of pileus.

Side view - plane.

top view - orbicular.

Colour of pileus - heige.

Margin of pileus.

Shape of margin {(cross section) - plane.
Shape of margin (surface view) - entire.
Surface of pileus.

Shininess of pileal surface - dull.
Wetness of pileal surface - wviscid.
Texture of pileal surface (degree of hyphal association
on pileal surface)- pruinose.

AU WS N oWl e

Characters of the Lamellae

1 Attachment - free.
2 Spacing of gills - close,
3 Margin of gills - wavy.

Characters of the stipe,

Size of stipe,.

Length - 18cm.

Width - 1.4c¢cm.

Attachment of stipe.

Attachment to pileus - central.

Attachment to substrate and basal tomentum - moderate.
Shape of stipe.

Cross section - terete.

Longitudinal view - equal,slightly tapered at both the
apex and the base.

Congistency of stipe - cartilaginous.

Flesh of stipe - stuffed.

Presence or absence of veils on stipe.

Volva - absent.

Annulus - present, superior.

Growth habit- scattered.

Type of fruiting body attachment - stipitate.

Spore colour - white,

Taoochuea Towoppad o=
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Pholiota spp. A

Characters of the pileus.

WMy

QT OOl &

Size (width) - 8.7cm.
Shape of pileus.

Side view - plane.
top view - orbicular.
Colour of pileus - disc is 1light brown with colour

radiating in waves toward the circumference, rest of
pileus white.

Margin of pileus.

Shape of margin (cross section) - inrolled.

Shape of margin (surface view) - entire.

Surface of pileus.

Shininess of pileal surface - dull.

Wetness of pileal surface - moist.

Texture of pileal surface (degree of hyphal association
on pileal surface)- squamose.

Characters of the Lamellae.

1
2
3

Attachment - free.
Spacing of gills - crowded.
Margin of gills - wavy.

Characters of the stipe.

TRoaUTuwoe Do~

Size of stipe.

Length - 8.5 cm.

Width - 0.5 cm.

Attachment of stipe.

Attachment to pileus - central.

Attachment to substrate and basal tomentum - moderate.
Shape of stipe.

Cross section - terete.

Longitudinal view - equal.

Consistency of stipe - fibrous.

Flesh of stipe - stuffed.

Presence or absence of veils on stipe.

Volva - absent.

Annulus - present, large, dark brown (superior).

Growth habit- scattered.
Type of fruiting body attachment - stipitate.
Spore colour - date brown.
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Pholiota spp. B

Characters of the pileus.

TP LOn e WP N -

Size {width) - 8.9cm,

Shape of pileus.

Side view - plane.

top view - orbicular.

Colour of pileus - shallowly depressed tan disc, rest of
pileus is white.

Margin of pileus.

Shape of margin (cross section) - incurved.

Shape of margin (surface view) - entire,

Surface of pileus.

Shininess of pileal surface - dull.

Wetness of pileal surface - moist.

Texture of pileal surface {(degree of hyphal association
on pileal surface) - glabrous.

Characters of the Lamellae

1
2
3

Attachmant - free.
Spacing of gills - crowded,
Margin of gills - smooth.

Characters of the stipe.

ool uTpNg R =

Size of stipe.

Length - 10.5 ¢m.

Width - 1.1 c¢m.

Attachment of stipe.

Attachment to pileus - central.

Attachment to substrate and basal tomentum - moderate,
Shape of stipe.

Cross section - terete.

Longitudinal view - tapered from base to apex.
Consistency of stipe - fibrous.

Flesh of stipe - stuffed.

Pregence or absence of veils on stipe.

Volva - absent.

Annulus - present, superior, large, dark brown.

Growth habit- gregarious.
Type of fruiting body attachment - stipitate.
Spore colour - date brown.
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Psathyrella =spp.

Characters of the pileus.

8ize {(width) - 6.2 cm,

Shape of pileus.

Side view - conic.

top view - orbicular.

Colour of pileus - dark brown with light brown disc.
Margin of pileus.

Shape of margin (cross section) - plane.

Shape of margin (surface view) - entire

Surface of pileus.

Shininess of pileal surface - dull.

Wetness of pileal surface - moist, viscid.

Texture of pileal surface (degree of hyphal association
on pileal surface)- granulose

-

QT N e g

Characters of the Lamelliae.

1 Attachment - subdecurrent.
2z Spacing of gills - crowded,
3 Margin of gills - smooth.

Characters of the stipe.

Size of stipe.

Length - 7.8 cm.

width - 0.3 ¢m.

Attachment of stipe.

Attachment to pileus - central.

Attachment to substrate and basal tomentum - moderate,
8hape of stipe.

Cross section - terete.

Longitudinal view - tapered from base to apex.
Consistency of stipe - fibrous.

Flesh of stipe - fistulose.

Presence or absence of veills on stipe.

Volva - absent.

Annulus —~ present, superior.

Growth hakit - gregarious.

Type of fruiting body attachment - stipitate.

Spore colour - fuscous black.

U N T oM D -
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Psji e SPpPpP.
Characters of the pileus.

Size (width) - 2.5 cm,.

Shape of pileus.

Side view - plane, mammilate.

top view -~ orbicular.

Colour of pileug - light brown with dark brown disc.
Margin of pileus.

8hape of margin {cross section) - plane.

Shape of margin (surface view) - entire,

Surface of pileus.

S8hininess of pileal surface - dull.

Wetness of pileal surface - moist.

Texture of pileal surface (degree of hyphal association
on pileal surface)- glabrous.

QT O AW -

Characters of the Lamellae.

1 Attachment - adnexed.
2 Spacing of gills - close.
3 Margin of gills - smooth.

Characters of the stipe.

Size of stipe.

Length -11.5 om.

Width - 0.4 c¢m.

Attachment of stipe.

Attachment to pileus - central.
Attachment to substrate and basal tomentum - scarce.
Shape of stipe.

Cross section - terete,

Longitudinal view - equal.

Consistency of stipe - fibrous.

Flesh of stipe - fistulose.

Presence or absence of veils on stipe.
Volva - absent.

Annulus - absent.

Growth habit- gregarious.

Type of fruiting body attachment - stipitate.
Spore colour - fuscous bhlack.
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Termitomyces spp.

Characters of the pileus.

TuaopawWohpe

Size (width} - 8.3 cm.

Shape of pileus.

Side view - acutely umbonate, plane.

top view - orbicular.

Colour of pileus - White with light brown umbo.
Margin of pileus.

Shape of margin (cross section) - inrolled,
Shape of margin {surface view) - rimose.
Surface of pileus.

Shininess of pileal surface - dull,

Wetness of pileal surface - (degree of hyphal association
on pileal surface) - glabrous.

Characters of the Lamellae.

1
2
3

Attachment - free.
Spacing of gills - crowded.
Margin of gills - wavy.

Characters of the stipe.

1.

a

TCpambgowdoe g

S8ize of stipe.

Length -3.2cm above ground extending 25.8cm down and
ending in a circular disc 2.7cm wide with a hole in the
middle.

width - 1 cm,

Attachment of stipe.

Attachment to pileus - central.

Attachment to substrate and basal tomentum - moderate,.
Shape of stipe.

Cross section - terete.

Longitudinal view - equal,

Congistency of stipe - fibrous,

Flesh of stipe - fistulose.

Presence or absence of veils on stipe.

Volva - absent.

Annulug - absent.

Growth habit - gregarious.

Type of fruiting body attachment - stipitate.

Spore colour - cartridge buff,
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Termitomyces clypeatus

Characters of the pileus,

Size {width) - 7.3cm

Shape of pileus.

Side view - umbonate.

top view - orbicular.

Colour of pileus - Light tan with dark tan disc.
Margin of pileus.

Shape of margin {(cross section) - plane.

Shape of margin (surface view) - rimose.

Surface of pileus,

Shininesg of pileal surface - dull.

Wetness of pileal surface - dry.

Texture of pileal surface {(degree of hyphal assgociation
on pileal surface) - glabrous.

Characters of the Lamellae.

QOTFw Do g WUy =

1 Attachment - free.
2 Spacing of gills - crowded.
3 Margin of gills - crenate.

Character of the stipe.

Size of stipe.

Length -7.3 cm.

Width - 6.8 cm.

Attachment of stipe.

Attachment to pileus - central.
Attachment to substrate and basal tomentum - radicated
stipe.

Shape of stipe.

Crogs section - terete.

Longitudinal view.

Consistency of stipe - fibrous

Flesh of stipe - fistulose.

Presence or absence of veils on stipe.
Volva - absent.

Annulus - absent.

Growth habit- scattered.

Type of fruiting body attachment - stipitate.
Spore colour - ¢lay pink.

T Grenvb 7y Y p0e -
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Termitomyces microcarpus

Characters of the pileus,.

-
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Size (width) -~ 2.1cm.

Shape of pileus.

Side view - plane.

top view - orbicular.

Colour of pileus - cinnamon coloured dige with the rest
of the pileus white.

Margin of pileus,

Shape of margin {cross section) - plane.

Shape of margin (surface view) - entire.

Surface of pileus.

Shininess of pileal surface - dull.

Wetness of pileal surface - moist.

Texture of pileal surface (degree of hyphal association
on pileal surface) - glabrous.

Characters of the Lamellaas.

1
2
3

Attachment - free.
Spacing of gills - clase,
Margin of gills - smooth.

Characters of the stipe.

T hobeghw Do bNglem

gize of stipe.

Length - 3.4 com.

width - 0.3 om.

Attachment of stipe.

Attachment to pileus - central.

Attachment to substrate and basal tomentum - moderate,.

Shape of stipe.

Cross section - terete.

Longitudinal view - equal.
Consistency of stipe - cartilaginous.
Flesh of stipe - fistulose.

Presence or absence of veils on stipe.
Yolva - absent.

Annulus - present,.

Growth habit- caespitose.
Type of fruiting body attachment - stipitate.
Spore colour - olivaceous.

46505
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APPENDIX II

STATISTICAL ANALYSIS

Analysis of variance (ANOVA) for the rate of germination of
spores of L. squarrosulus under different treatments and
incubation methods in fresh potato dextrose agar (PDA1l)

Sources of DF Sum of Mean of F
variation squares squares

replicates 2 3680.771 1840.385  0.69
treatment 31 1056416.389 34077.948 12.84
incubation 2 7590142.688 3795071.344 1430.06
error 252 668755.653 2653.792

Total 287 9318995.500

Analysis of variance (ANOVA) for the rate of germination of

spores of L.

squarrosulus under different treatments and

incubation methods in ready made potato dextrose agar (PDAZ)

Sources of DF Sum of Mean of F
variation squares squares

replicates | 2 1 141.083 70.542  0.04
treatment 31 1147721.219 37023.265 18.55
incubation 2 7778206.938 3889103.469 1948.75
error 252 502913.979 1995.690

Total 287 9428983.219

o o o o o . e o o
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Analysis of variance
gspores of L.
incubation methods in fresh yeast extract agar (YEAl)

104

(ANOVA) for the rate of germination of
under different treatments and

Sources of
variation

Mean of
squares

e e e e e e e e e o . A . T SR St o T i —— —

replicates
treatment
incubaticn

error

squarroayulyus
DF Sum of
squares
2 1309.465
31 791907.024
2 3271298.257
252 196357.167
287 4260871.913

654.733
25545.388
1635649.128
779.195

32.78
2099.15

k. e e T i b e . R S A5 e o e e e o O N WL WL A ekl e . et B N L L A i i e T N R B Ak e . o - o o e s . Y ik i —

Analysis of variance (ANOVA)
spores of L.

for the rate of germination of
gguarrosulug under different treatments and

incubation methods in ready made yeast extract agar (YEAZ)

Bources of
variation

Sum of
gquares

Mean of
gguares

replicates
treatment
incubation

error

1219.694
781228.358
3188582.007
152041.188
4123071.247

609.847
25200.915
1594291.003
603.335

41.77
2642.,45
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Analysis of variance (ANOVA) for the rate of germination of
spores of L. ggug;;ggglug under different treatments and
incubation methods in fresh sabouraud's dextrose agar (SDA1l)

Sources of DF Sum of Mean of F
variation squares squares

replicates 2 171.361 ¢ 85.681  0.04
treatment 31 1568537.635 50597.988 26.34
incubation 2 7769833.757 3884916.878 2022.66
error 252 484014.660 1920.693

Total 287 9822557.413

o e e o o o e o e e e

Analysis of variance (ANOVA) for the rate of germination of
spores of L. squarrosulus under different treatments and
incubation methods in ready made Sabouraud's dextrose agar

(SDA2)

Sources of DF Sum of Mean of F
variation squares squares

replicates 2 140.361 70.181 | 0.03
treatment 31 1427804.608 46058.213 22.80
incubation 2 7823646.465 3911823.233 1936.68
error 287 509004.063 2019.857

Total 287 9760595.497
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Analysis of variance (ANOVA) for pileus width.

e o o T e T e o A . o . o e B B B Y ot il N L T N TP S e - . . . e S N, e e . e L L B o e ke el

Sources of DF Sum of Mean of F
variation squares squares

media 4 11.49 2.87 2.03
error 12 16.93 1.41

Total 16 28.42

e e s T e e e e T R L e e A N TR ) e . U T ok e, L B T ——— o —— —— i b e P T e e B M s

Sources of DF Sum of Mean of F
variation gguares squares

media P 17.20 430 3.61
error 12 14,28 1.19

Total 16 31.48

e e e e e e B N e e e L B W e e e EA M B T TR e e Al RS R R W e e e o ke ek TR T s e e b Al P A e o e i A Ty . e et S

Sources of DF Sum of Mgan of F
variation squares sguares
media 4 0.02711 0.00678 1.08
error 12 0.07524 0.00627

Total 16 0.10235

— ik T f i TN W YEY Y=, ikl e S W T W Ty e e e e e sk T, TPy oy . o . e ey T . e e . e o e b B —
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Analysis of variance (ANOVA) for the effect of different
liquid culture media and incubation methods on the hyphal
growth of T. clypeatus.

o ————— T ——————— —— ——— . —— i ——— —— ", — i — T o . s i

Sources of DF Sum of Mean of F
variation squares squares

media 3 75180.11111  25060.03704  91.55
incubation 2 15561.16667 7780.58333 28.42
error 30 8211.72222 273.72407

Total 35 98953.00000

e e e  — —— — —— — — —— —— —— — —— i —— T — o — o — o

Analysis of variance (ANOVA) for the effect of different
liquid <culture media and incubation methods on the hyphal
growth of L. sgquarrosulus.

e ——— i —— — o —— ———— ————— — —————————— ————— " — ] T — .

Sources of DF Sum of Mean of F
variation squares squares

media 3 33958.33333  11319.44444  88.40
incubation 2 22619.38889 11309.69444 88.32
error 30 3841.50000 128.05000

Total 35 60419.,22222

Analysis of variance (ANOVA) for the effect of different
liquid culture media and incubation methods on the hyphal
growth of L. sguarrosulus and T. clyeatus (pooled data)

Sources of DF Sum of Mean of F
variation sguares sguares

media 3 92831.44444  30943.81481  69.92
incubation 2 37776.19445--“213888.09722 42.68
species 1 .486-14}22222'-.“46614.22222 105.34
error f“_‘j&f{-' " 38764.5833 442.5321

Total 71 205986.4444



