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Abstract

Solid sisal waste fractions which included composted sisal boles and sisal leaves
decortication residues supplemented with cow dung manure at various rates used singly
and/or in combination as substrates were investigated for cultivation of oyster mushroom
(Pleurotus HK-37). The effect of the test sisal waste substrates and cow dung manure of
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various supplementation rates were evaluated by mushroom vyield, biological efficiency and
mushroom size. Pinheads occurred in all substrates within 3 to 5 weeks of transfer of bags to
the cropping room. The overall best results of mushroom production were obtained in a
substrate combination of 50 % sisal leaves + 50 % sisal boles (based on 450 g wet weight
substrate) supplemented by 30 % cow dung manure with the mushroom yield of 184.64 g
fresh mushrooms/kg moist substrate weight and percentage biological efficiency (B.E) of
about 63 %. Mushroom size of 6.10 was obtained in sisal boles substrate supplemented by
20 % cow dung manure. Least yield of 26.73 g fresh mushrooms/kg moist substrate weight
and lowest B.E of 8.95 % were obtained from non-supplemented substrate of sisal leaves
alone. The study concluded that, supplementation using cow dung manure may play an
important role on increasing the yield and productivity of Pleurotus HK-37 on solid sisal
waste fractions under the conditions investigated.

Keywords: Solid sisal wastes, Pleurotus HK-37, Cow dung manure
List of abreviations:

BE - Biological efficiency

BY - Biological yield

MS - Mushroom size

MY - Mushroom vyield

SB - Sisal boles

SL - Sisal leaf decortication residues

TS - Total solids

VS - \Volatile solids

1. Introduction

Cultivation of Pleurotus species using lignocellulosic residues is the bioconversion process
which offers the opportunity to utilize renewable bio-resources in the production of edible,
protein-rich food (Sanchez et al. 2002). Various agricultural by-products are being used as
substrates for the cultivation of oyster mushroom. In Tanzania, only 2 % of the sisal plant is
used while the remaining biomass after decortication is dumped near the factories, post harvest
sisal boles (sisal stems) are either left on the field to rot, smashed or burnt thus causing serious
environmental problems (Mshandete et al., 2008). Cultivation of mushroom on these solid
residues can be viewed as an effective means to utilize bio-resource left behind and
simultaneously as a sound environmental protection strategy. Furthermore, the use of these
residues in bioprocesses may be one of the solutions to bioconversion of inedible biomass
residues into nutritious protein rich food in the form of edible mushrooms (Mshandete and Cuff,
2008).
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Pleurotus species are found to be one of the most efficient lignocellulose solid state
decomposing types of white rot fungi. Thus many agricultural and industrial wastes can be
utilized for production of Pleurotus species as a substrate. Pleurotus have the ability to excrete
hydrolyzing and oxidizing enzymes which have enabled them to flourish over a wide range of
natural lignocellulosic waste materials (Pathmashini et al.,, 2008). Composted sisal
decortications solid wastes were demonstrated to be a suitable substrate for cultivation of
indigenous edible mushroom including Coprinus cinereus, Pleurotus flabellatus and
\olvariella volvocea (Mshandete and Cuff, 2008). However, the suitability of composted sisal
bole alone and/or a mixture of the composted bole with sisal leaf decortication residues for
Pleurotus HK-37 mushroom cultivation is yet to be established.

To improve the productivity, nutritional value and shortening mushroom production periods
several techniques, substrates, cultivation conditions and strains have been tested. Some
studies show that supplementation with nitrogen source increases the biomass and mushroom’s
productivity (Curvetto et al., 2002; Shashirekha et al., 2005). However, in the literature no
studies related to the effect of cow dung manure on mushroom vyield, size and productivity of
Pleurotus HK-37 grown on different solid sisal waste fractions either singly or in combinations
have been reported.

Therefore, the present study was undertaken with a view to investigate the influence of cow
dung manure as an additive to different solid sisal waste fractions either singly or in
combination as substrates with a resultant effect on the biological efficiency, mushroom size
and mushroom yield of Pleurotus HK-37.

2. Material and Methods
2.1 Fungal Source and Maintenance of Culture

Pleurotus HK-37 was obtained from strain bank of Department of Molecular Biology and
Biotechnology, University of Dar es Salaam in Tanzania. This oyster mushroom strain
originated from South Africa is among the oyster mushrooms grown in Tanzania (Mshandete,
2011). The fungi stock culture was maintained on malt extract agar (MEA). Cultures on plates
were incubated at ambient temperature, which ranged from 25-30 °C for 5-7 days.
Maintenance of pure mycelial cultures is a necessity for ultimate spawn preparation.
Subcultures were made routinely every one-month.

2.2 Spawn Preparation

Spawn of this oyster mushroom were prepared with intact sorghum grains bought from
Kariakoo market, Dar es Salaam. The grains were washed thoroughly, soaked in water for 15
minutes to allow them absorb moisture and thereafter parboiled for 10 minutes. After draining
excess water, 1 % (w/w) CaS04 and 2 % (w/w) of calcium carbonate (CaCO3) were added and
properly mixed into the grains to prevent sticking and adjusting pH before spreading them out
on a clean plastic sheath. After air-drying for about 20 min, 150 g of the grains were packed in
330 ml wide mouth bottles (Kioo Ltd, Dar es Salaam) and sterilized in an autoclave
(Koninklijke AD Linden JR.BN-Zwijinderect, Holland) at 121 °C and 1 atm for 1 hour.
Thereafter, each cooled bottle of sterilized grains was aseptically inoculated with three 1 cm?
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pieces of mycelium malt extract agar (MEA) taken from 8 day-old cultures. Each inoculated
bottle, with its cap closed, was shaken thoroughly by hand to distribute the mycelia to the
grains. The mycelia inoculated grains were incubated in a ventilated incubator (Memmert
GmbH KG, Schwabach FRG, Germany) set at 28 °C until the mycelia fully colonized the
grains.

2.3 Substrates Preparation and Characterization

Sisal boles and fresh sisal decortications residues were collected from Kidugalo sisal
decortications factory at Morogoro region, in Tanzania and were sun dried for 5 days. Fresh
cow dung manure was obtained from local husbandry keeper at Ubungo - Kibangu, Dar es
Salaam, Tanzania and was sun dried for five days and ground to fine powder using a laboratory
blender (Snijders Scientific Tilburg, Holland, Waring Blender, Torington, CT, USA). The sisal
boles were chopped into 3-4 cm lengths using a locally made manual chopper followed by
grinding using forage cutter machine. The dried fibres from sisal boles were soaked in water
for 2 hours to moisten them thoroughly and were subjected to a composting process for 14 days
by covering with black polythene sheet. The composting method which manipulates the natural
succession of microorganisms was used as previously described by Mshandete and Cuff (2008).
The following modifications were made in the present investigation;

I. Fibres from sisal boles were used instead of sisal decortication residues.
ii. Dimensions of the pile were 0.9 m high * 0.75 m wide * 0.75 m long.
iii. Compost was turned every 3 days, starting on day 3 and ending on day 14 and on the
same day the piles were dismantled.

Inner compost temperatures were measured as an indicator of microbial activity within the
compost piles as described by Colak (2004). These measurements were made at 24 hour
intervals. The qualitative characteristics of the finished compost which include color, softness
and greasiness were observed at the end of the composting process as described by Mshandete
and Cuff (2008). The finished sisal bole compost (abbreviated as SB in the rest of the paper)
was used as a basal substrate for mushroom cultivation either alone or in combination with
sisal leaf decortications residues (also referred as sisal leaves and abbreviated as SL in the rest
of the paper). Before growing oyster mushrooms, these substrates were characterized as
follows: Total solids (TS), volatile solids (VS) and the ash content of the substrate were
determined by the oven-drying and ignition method, respectively according to standard
methods APHA (1995). Total carbon was determined by the dry combustion method
previously described by Allen (1989). The organic matter content was done by the dry
combustion method as described by Lyimo et al., (2002). The total fibres were determined by
ignition of previously oven-dried sample at 800 °C for 45 minutes. There after allowed to cool
to room temperature before further ignition at 400 °C for 30 minutes (Mshadete et al., 2008).

2.4 Mushroom Cultivation Experiments

After characterization, the solid sisal waste fractions were then soaked in tap water for 2 hours
to moisten. Excess water was allowed to drain until no water was dripping from the substrates.
These substrates and dry cow dung manure were pasteurized at 70 °C for three hours
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(Koninklijke AD Linden JR BN-Zwijinderect, Holland), thereafter were left to cool before
they were mixed. Four hundred fifty grams of each substrate formulation was packed into
transparent polypropylene bags and based on the dry weight of the substrate, cow dung manure
was supplemented at 10, 20 and 30 %. There were controls in each substrate in which no cow
dung manure was added, labeled as 0 % supplementation i.e. containing the substrate only. The
spawn rate employed was 6 % based on wet weight of the substrate (about 27 g per 450 g moist
weight substrate). After inoculation, these bags were incubated on wooden shelves disinfected
by 3% of hydrogen peroxide in a spawn running room as per Mshandete and Cuff (2008)
recommendations. These experiments comprised of a split-split plot design, quadruple with
solid sisal waste substrates as the main plot, varying cow dung manure supplementation levels
as the sub-plot treatment.

2.5 Spawn Running (mycelia development), Pinhead Initiation and Fruit Body Formation

The spawning room was kept humid by pouring 10 litres tap water on the floor daily.
Vegetative development was followed by direct observation of the inoculated substrates until
the substrates were fully colonized by mycelia. Contaminants such as of the genus
Trichoderma were also observed and noted but not quantified. The number of spawn run days
for mycelia to colonize the substrate was recorded. During spawn running and fructification
humidity and temperature was recorded using weather forecast clock (which simultaneously
measures temperature and humidity) (Bright Weather Care, Scholer Quartz, Swiss). The
conditions during spawn running in the room were 28 + 2 °C and relatively air humidity 78 +
2 %. After fully mycelia colonization the fruiting body formation was triggered by
manipulating the environmental variables namely; moisture, air exchange, temperature and
light as reported by Mshandete and Cuff (2008). Relative humidity and the temperature in the
room were increased to 86 * 4 % and temperature decreased to 26.5 + 0.05 °C, respectively by
pouring 25 litres of cold water and ice cubes per day on the floor and on the walls. When
necessary, the moisture was maintained with the use of mist sprayers. Curtains on the windows
were removed to allow ventilation and more light. These were done to initiate pinheads
formation while at the same time lowering carbon dioxide concentration in the cropping room.
Fruit primordials (pinhead) were allowed to develop to complete fruiting bodies and were
picked. The oyster mushrooms were harvested when the in-rolled margins of the basidiomes
began to flatten (Royse et al., 2004). The length of stipe and cap diameter of the harvested
mushrooms was measured. Dates of each harvest were also recorded. Total number of flushes
(flush number) produced per each bag was noted. The distribution of the yield per flush was
tabulated to observe changes in yield over the course of multiple flushes. Duration of time from
inoculation to final harvest was calculated. Seven aspects of crop yield were evaluated
according to and Tisdale et al., (2006) as follows: (i) Mushroom size (MS). (ii) Biological
efficiency (BE) (iii) Biological yield (BY) (iv) mushroom yield (MY) (v) flush number (vi)
Crop period (sum of incubation and fruiting periods) (vii) Fresh weight.

BE values were calculated according to Stamets (2000), Royse et al., (2004). BE = [Weight of
fresh mushrooms harvested (g) /dry substrate weight (g)] X100 %. On the other hand, MY

values were calculated as previous reported by Morais et al., (2000). MY= [Weight of fresh
mushrooms harvested (g) per fresh substrate weight]. The average MS was calculated as total
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fresh weight of mushrooms harvested divided by their total number of mushrooms. BY=
[Weight of fresh mushrooms harvested (g) per dry substrate weight] and was expressed as g
fresh mushrooms/kg dry substrate weight according to Amin et al., (2008). Average weight of
individual mushrooms was determined as quotient of the total fresh weight mushrooms
harvested by their total numbers according to Phillipoussis et al., (2002).

2.6 Statistical Analysis

All experiments were performed in quadruplets. The data on mushroom size, mushroom vyield,
and biological efficiency of Pleurotus HK 37, cultivated on these solid sisal wastes fractions
supplemented with various amounts of cow dung manure were subjected to analyses of
variance (one-way ANOVA) when significant differences were determined post test were made
using Turkey multiple range test. The results are given as mean * SD.

3. Results
3.1 Temperature Profile of the Sisal Boles Compost

The temperature profile of the compost is shown in Figure 1. The highest temperatures were
recorded at the second turning stage i.e. on the 4th and 5th days of composting. The raise in
temperature is an indication of rapid and exothermic microbial activities within compost layers
that play an important role in decomposition of carbohydrates to produce a better selective
substrate for mushroom growing.
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Figure 1. Temperature profile of 120 kg (dry matter) sisal boles compost pile during 14 days.

3.2 Chemical Composition of Solid Sisal Waste Fractions Used as Substrates for Oyster
Mushroom Cultivation

The results regarding the major chemical components of dried solid sisal waste fractions for the
cultivation of Oyster mushroom are indicated in Table 1. The moisture content ranged from
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62.02 to 69.96 %. Regarding the total nitrogen content, the obtained data show that SL
contained significantly higher amount being 1.68 % followed by SL:SB (25:75) being 1.53 %
while SB recorded significantly lowest value being 1.14 %. All substrate formulations differed
significantly for their ash contents. SL contained the highest ash value being 26.21 % followed
by SL:SB (25:75), 25.54 % while SB recorded the lowest amount being 12.25 %.

Table 1. Proximate compositions of sisal waste fractions and supplement used as substrates for
Pleurotus HK 37 mushroom cultivation (values are mean standard deviation (SD), n=3).

Parameters SL SL:SB SL:SB SL:SB SB Supplement (cow
(25:75) (50:50) (75:25) dung manure)

Moisture 65.41+0.76 | 62.02+0.78 | 63.87+3.44 | 66.49+2.13 | 69.96+0.58 75.33+0.89

content %

Total solids (% | 34.59+0.76 | 37.98+0.78 | 36.13+3.44 | 33.51+2.13 | 30.04+0.58 24.67+0.89

fresh)

Volatile  solids | 73.79+0.76 | 74.46+0.09 | 81.92+2.26 | 77.08+2.07 | 87.75+0.55 82.08+1.23

(%TS)

Ash content | 26.21+0.76 | 25.54+0.09 | 18.08+2.26 | 22.92+2.07 | 12.25+0.55 17.92+1.23

(%TS)

Total carbon (% | 46.57+0.57 | 49.67+0.24 | 48.31+0.31 | 47.72+0.08 | 50.00+0.96 16.02+0.48

TS)

Total organic | 82.28+0.17 | 87.09+0.54 | 84.37+0.77 | 82.49+0.59 | 88.53+1.65 28.87+£0.78

matter (% TS)

Total Nitrogen | 1.68+0.89 1.53+0.45 1.34+0.23 1.26+0.18 1.14+0.78 4.72+1.37

(%TS)

Crude  protein 10.5 9.56 8.38 7.88 7.13 29.5

(TNx6.25)

Crude fiber 14.21+0.68 | 11.45+1.66 | 13.39+0.58 | 12.67+0.51 | 11.90+2.26 nd

nd = not determined

3.3 Spawn Running (vegetative growth/mycelial development), Pinheads and Fruiting Bodies
Formation

The spawn running, pinheads formation and fruiting bodies formation are three important
phases in the cultivation of mushroom; they require substrate, nutrients and proper growing
conditions i.e. humidity and temperature. Table 2 shows that spawn running was completed
within 2 weeks after inoculation depending on the sisal substrate formulations and cow dung
manure supplementation levels. The Second stage of mycelial growth during mushroom
cultivation is pinhead formation. The time taken for these pinheads to be formed after spawn
running differed among sisal substrate formulations as shown in Table 2. A similar trend was
observed for the third stage of fruiting body formation. The pinheads grew into mushrooms
which were harvested 2 — 3 days later.

Table 2. Days for completion of spawn running, pinheads and fruiting bodies formation

Substrate Supplement Days for Days for pinheads Days for fruiting
formulation level completion of formation bodies formation
spawn running
0% 13+1 43+2 46+3
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10% 12+1 17+3 2012

SB 20% 12+1 22+1 27+3

30% 12+2 18+4 22+3

0% 1341 373 4142

10% 13+1 385 41+1

SB:SL (75:25) 20% 12+1 3712 41+4
30% 12+1 383 42+3

0% 13+1 3446 38+3

10% 12+1 34+3 3712

SB:SL (50:50) 20% 12+1 34+4 3845
30% 12+1 35+2 36+3

0% 13+1 4443 48+4

10% 13+1 42+1 4612

SB:SL (25:75) 20% 12+1 403 4445
30% 12+1 41+5 4516

0% 14+2 42+4 463

10% 13+1 39+3 4242

SL 20% 12+1 38+1 42+4

30% 12+1 38+2 4443

3.4 Mushroom Yield and Yield Attributes of Oyster Mushroom Grown on Solid Sisal Wastes

Mushroom vyield and vyield attributes of P. HK-37 cultivated on different sisal waste
formulations supplemented at various rates of cow dung manure are represented in Table 3.
Mushroom yield was found in the range of 12.03 to 184.64 g/kg wet substrate. The trend of
mushroom yield was found to increase as supplement level increases i.e. yield response was
linear in relation to increasing levels of nutrient.

The biological efficiency was worked out against the dry weight of substrate. Addition of
different levels of supplements with sisal wastes increased biological efficiency. The best
biological efficiency (62.87 %) was obtained by the addition of 30 % cow dung manure with
substrate formulation of SL:SB (50:50) which was significantly higher ( p<0.005) as compared
to all other treatments. The effect of different sisal waste formulations supplemented at
various rates of cow dung manure on yield contributing characters such as stipe height and cap
diameter was significant (Table 3). The stipe height on different substrates formulations ranged
from 1.21 to 6.18 cm. Cap diameter ranged from 1.85 to 6.57 cm.

Table 3. Average number of mushroom fruit bodies, yield, biological efficiency and mushroom
size of substrate formulations

No. of Ca Stipe Yield(g fresh Mushroom
Substrate Suplzl\(/eerrent fruit diamster height mushrf)gom/Kg (B%Ii size
bodies (cm) (cm) wet substrate
0% 13 5.03+0.67 | 3.12+0.33 119.16 43.02 4.12
sB 10% 18 5.41+0.44 | 3.11+0.93 122.97 44.39 3.07
20% 12 6.29+0.62 | 2.90%0.35 162.53 58.68 6.10
30% 22 4.67+0.48 | 3.68+0.20 171.12 61.78 3.50
0% 10 2.40+0.61 | 2.24+0.38 47.56 15.92 2.14
SL:SB (25:75) 10% 10 2.48+0.48 | 2.52+0.43 49.11 16.44 221
20% 16 2.07+0.26 | 1.91+0.27 79.62 26.66 2.24
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30% 27 1.85+0.24 | 1.59+0.41 100.67 337 1.68
0% 16 5.40+0.95 | 4.65+1.42 08.93 33.69 2.78
SL:SB (50:50) 10% 24 6.57+1.67 | 6.17+0.69 146.92 50.02 2.75
' ' 20% 24 5.48+0.92 | 5.68+0.65 156.39 53.25 2.93
30% 23 5.66+0.23 | 6.18+0.28 184.64 62.87 3.61
0% 7 3.78+1.33 | 2.95+1.43 28.89 9.04 1.86
SL:SB (75:25) 10% 14 2.9240.23 | 1.98+0.07 90.44 28.32 2.91
' ' 20% 16 3.80+0.22 | 3.44+0.44 104.62 32.76 2.94
30% 23 3.16+0.10 | 2.39+0.71 123.24 38.59 241
0% 4 2.08+0.19 | 1.44+0.39 12.03 8.95 3.01
oL 10% 9 2.3240.03 | 1.52+0.43 23.78 17.69 2.64
20% 8 2.80+0.27 | 1.21+0.97 17.05 12.68 2.13
30% 12 2.66+0.16 | 1.69+0.01 35.67 26.54 2.97
4. Discussion

4.1 Temperature Profile of the Sisal Boles Compost

As it can be seen from Figure 1, the substrate outer layer did not reach 50 °C and stabilized
between 30-45 °C after 14 days incubation. The inner layer reached a maximum of 57 °C after
5 days of incubation and decreased to 49 °C where it stabilized for the rest of the process.
Overtjins (1998) indicated that a treatment at 46 °C for one hour was enough to Kill cecids;
50 °C during 10 minutes and four hours prevented the development of bacterial blotch and
cobweb respectively. He also pointed that a few hours at 55°C or 60 °C were necessary to kill
other bacteria and fungi frequently encountered in white mushroom compost. According to the
profile observed, and the need to avoid the growth of different wild organisms taken from the
field in substrate (larvae and fly eggs, mites other insects, nematodes, various fungi and
bacteria), this compost performed better when inner temperatures reached 50 °C and above
thus allowing a time/temperature treatment providing enough heat to Kkill or inhibit
contaminant microorganisms. Certainly, the action of temperature in the substrate after
composting helped to inhibit most competitor organisms. The data are also in agreement with
the highest inner compost temperature in the range of 52 to 82 °C, which has been reported by
other investigators depending on the compost formulations (Colak, 2004; Atikpo et al., 2008).
The pH at the end of composting was slightly alkaline (7.2-7.8), allowing Pleurotus HK-37
spawn to develop in these substrate mixtures, while impeding the growth of other possible
surviving fungi like Trichoderma spp. On the other hand, looking at the temperature profile it
remains clear that substrate tumbling is important and necessary in order to aerate and provide
a homogenous heat treatment to the substrate.

4.2 Chemical Composition of Solid Sisal Waste Fractions Used as Substrates for Oyster
Mushroom Cultivation

The oyster mushrooms (Pleurotus HK-37) are known for their ability to degrade
lignocellulosic residues from agricultural fields and forests and convert them into protein-rich
biomass. The chemical constituents of sisal waste fractions are listed in (Table 1). The overall
composition varied considerably among the fractions. The main reason can be due to
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differences in distribution of nutrients resources in plant fractions. Similar observation has also
been reported for chemical composition of sisal waste fractions by Mshandete [13]. The low
total crude fiber and high organic matter as well as total carbon indicated that these sisal wastes
represent an abundant resource for bioconversion into value added bioproducts such as
mushrooms. Although substrate composition analysis is important but does not always
correlate with growth or yield of mushrooms it should be monitored to determine trends in
substrate preparation for increased mushroom productivity.

4.3 Spawn Running (mycelial development), Pinheads and Fruiting Bodies Formation

The appreciable days to complete mycelium running of oyster mushroom on different
substrates might be due to variations in their chemical composition and C:N ratio as reported
by Okhouya et al., (2005). Substrate is one of the important parameter in mushroom cultivation
as mushrooms depend on substrates for nutrition to support mycelia growth and development
into mushroom fruiting bodies. For the growth and penetration of the mycelium into basal
substrates which ultimately influences fruiting of mushrooms, the structure and porosity levels
(oxygen availability) of substrate are important factors to be considered (Philippoussis et al.,
2002). The results on mycelial running were more or less similar to the findings of Shah et al.,
(2004). He reported that the spawn running took about 16-25 days after inoculation. Baysal et
al., (2003) found the fastest spawn running (15.8 days) in waste paper as substrate. Royse et al.,
(2004), Tripathy et al., (2011); Mshandete et al., 2011) observed that the duration of different
growth stages of cultivated mushrooms are affected by several factors which would include,
but not limited to, type of substrates and supplements used, the type of species and/or the strain
employed, spawn type and the rate of inocula/spawn applied, spawning method,
spawning/cropping containers as well as on the prevailing mushroom growing conditions.
Mycelia of Pleurotus species are well known to colonize various lignocellulosic materials due
to their extensive enzyme systems capable of utilizing complex organic compounds, which
occurs in organic matter residues (Tisdale et al., 2006; Mane et al., 2007). Thus a range of
12-14 days has been reported as time periods of spawn running for various Pleurotus species on
lignocellulosic substrates (Stamets, 2000; Mane et al., 2007). Thus, the results from this study
concur with the previous spawn running periods reported by others on Pleurotus species.

After completion of the spawn run, the bags were exposed to light. Tiny knots of mycelia were
formed and differentiated into pinheads or primordia. The later lengthened and enlarged to
form mature fruit. As depicted in (Table 2) the time taken for pinheads to appear after the
spawn run period differed among the substrate formulations, and found to range between 3-7
weeks. Comparable results of Pleurotus species grown on different substrates has been
reported by Royse et al., (2004); Baysal et al., (2003); Shah et al., (2004) and Mshandete,
(2011). These pinheads grew into mushrooms, which were harvested 3-4 days later. The
present findings are similar with those of Mshandete (2011) who reported on Pleurotus HK-37
and Pleurotus sapidus cultivated on cattail weed botanical fractions. The results in Table 2 also
indicated that regardless of different sisal waste substrate formulations and supplement levels
interval between flushes ranged between 5 to 9 days.

4.4 Mushroom Yield and Yield Attributes of Oyster Mushroom Grown on Solid Sisal Wastes
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The yield attributes and mushroom yield namely; mushroom fresh weight harvest, effective
number of fruiting bodies, mushroom yield, biological efficiency, stipe and cap dimensions and
mushroom size for Pleurotus HK-37 cultivated on different sisal waste substrate formulations
with different supplement levels of cow dung manure are represented in Table 3.

The fruiting body is the edible part of mushroom. The results showed significant variability on
the different sisal waste substrate formulations with different levels of cow dung manure
supplement. The maximum number of fruiting bodies 24 were observed with an application of
10 % and 20 % of cow dung manure to SL:SB (50:50) substrate formulations while the
minimum number 4 was observed in control SL substrate (no cow dung manure amendment).
The number of fruiting bodies increased as the cow dung manure amendment percentage was
increased. Shah et al., (2004) also cultivated oyster mushroom on different substrates and
reported that average number of fruiting bodies harvested ranged from 7.22-22.11. Bhatti et al.,
(2007) observed 2.73-7.3 fruiting bodies per bunch while Kanhar et al., (2007) recorded
11-28.66 mushrooms per bag. The potential variation in the number of fruiting bodies could
be due to different substrate combination in both physical and nutritional composition as well
as microclimates (Amin et al., 2008).

A significant variation was observed in the different levels of cow dung manure
supplementation to different sisal waste substrate formulations on mushroom vyield and
biological efficiency. The maximum mushroom yield (184.64 g) and biological efficiency
(62.87 %) was obtained with the 30 % cow dung manure on SL:SB (50:50) substrate
formulation. The lowest mushroom vyield (12.03 g) and biological efficiency (8.95 %) was
obtained on non-supplemented SL substrate. Generally, mushroom vyield and biological
efficiency results showed that were direct proportional with increasing supplement level
regardless of the sisal waste substrate formulations employed. Similar trends of increasing
yield with increasing supplement level to a certain optima have been reported on pad straw
substrate supplemented with different supplements (Patil et al., 2011). The yields results (Table
3) demonstrated that different sisal waste formulations supported the growth of Pleurotus
HK-37 differently. This furthermore, indicated that the mycelia of this oyster mushroom have
different colonizing potentials for the substrates in which they are grown, which ultimately
corresponded to the yield obtained.

The highest stipe length (6.18 cm) was observed from SL:SB (50:50) substrate after addition of
30 % cow dung manure while the lowest (1.21 cm) was observed from SL substrate after
addition of 20 % supplement without any significant difference. Cap diameter of fruiting body
ranged from 1.85 to 5.66 cm without any significant difference between treatments (Table 3).
These results agreed with the findings of Samuel and Eugene (2012) who observed that pileus
diameter ranged from 1.91 to 5.69 cm on different substrates.

The addition of 20 % supplement level on SB substrate gave the relatively largest mean
mushroom size (6.10) and cap diameter (6.29 cm) respectively while longest stipe height (6.18
cm) was obtained in SL:SB (50:50) substrate after addition of 30 % supplement level. The
variation in these parameters could be explained by the fact that the texture and substrate
formulations as well as nutrients in cow dung manure possibly affected the composition of the
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final mushroom growth substrate and qualities such as water holding capacity and degree of
aeration. Also, interactions between environmental factors and nutrients in mushroom growth
substrate have been reported to play important role in inducing formation of the fruiting bodies
which results in mushroom size variations (Reyes et al., 2009 and Kurtzman, 2010).

5. Conclusion

The results revealed that the organic ingredients in sisal boles composted within 14 days when
mixed with sisal leaf decortication residues and supplementation by cow dung manure results
in formation of a suitable substrate for successful cultivation of Pleurotus HK-37. Considering
the mushroom yield and biological efficiencies overall best results were obtained on SL:SB
(50:50) substrate formulation when supplemented by 30 % cow dung manure. It can be
concluded that solid sisal wastes are potential alternative substrates for production of oyster
mushrooms. This process not only reduces waste disposal problems, but provides a means for
their ecological utilization and could serve as an alternative source of income for sisal industry.
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