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Abstract

Studies were conducted to establish the responsg wbod — rotting fungusPleurotus ostreatus to
different growth substrates (sawdust (SD), dry banteaves (BL) and a combination of both) and
additives [groundnut cake (GC) and palm kernel q@&k€C)]. Spawning (Mycelia running rate) and fruit
body development (area of pileus, length of stipd fiesh weight) were assessed. Initiation of nigtel
growth took place in both treated and untreatedstsate samples within 7 days post inoculation (dpi)
Spawn run was delayed in SD substrates treate6@iyond 2% and in BL substrates treated with 4%
PKC and above. In BL+SD, spawn run was delayedl &\&ls of PKC treatments. Spawn run in the BL,
BL+SD and SD controls were completed in 21, 28 &bBddays respectively, following inoculation.
Primordia production occurred in all the samplethini 7 days of transfer of bags to the croppingmoo
Treatment of substrates with additives (GC and PK&gjatively affected the performance of the subestra
Addition of 4% of the additives on BL and BL+SD stiates produced mushrooms with smaller pileus
size with the smallest (13.088mbserved on 4% PKC-treated BL substrates. Sirtiéads were observed
in length of stipe, fresh weight and biological igéf#ncy of the mushroom. All substrates evaluated
supported production of fruit bodies for 70 dayskimg a total of 14 flushes from the inception of
cropping.

Key words: Additives, Mycelial growth, fruit body productipRleurotus ostreatus.

1 INTRODUCTION

Agro-industry and the wood industry generate enaisramount of wastes yearly which are either burnt o
dumped in places that constitute hazard to humadstlze environment. The wise use and recycling of
waste will not only minimize health hazards in #mvironment but can serve to generate wealth. Chang
and Miles (1989) believe that using only 25% of ylearly volume of burnt cereal straws in the wddd
mushroom production could result in a mushroomdya@ 317 million metric tons (317 billion kg) ofdsh
mushrooms per year. It is also the belief of Pofg@4) that about 360 billion kg of fresh mushrooms
would have been produced from the estimated 60i0rbikg of dry wastes generated from agricultur@d(5
billion kg) and forestry (100 billion kg) within gear. Such level of mushroom production will difect
translate to 60kg of mushroom per head per yeactwhill automatically provide the 4% protein cortten
of mushroom to thenPleurotus ostreatus is a species of the mushrooms belonging to thepgcommonly
called oyster mushrooms. Like many of the membédrshe Pleurotaceae?. ostreatus is a primary
decomposer of hardwood trees and are distributettlwige (Kong, 2004).

Of the over 70 species of Pleuroti, ostreatus is the most important and most commercially viable
because of the compatibility of its growth requigsnts with the prevailing environmental factors afsn
regions of the world. However, differePteurotus species require varying environmental conditions for
optimal growth. FoP. ostreatus, the optimum temperature range for spawn run isapbetween 25-3€,
primordia formation occurs at temperature betwe8nahd 18C while production of fruit bodies is
accomplished between 10 tdc7
Kong (2004) reported thd. ostreatus requires a sharp drop in temperature usually refieto as ‘cold
shock’ for primordia formation to be initiated. £equirement is put at < 1,000 and the suitablehout

of cultivation ranges from shelf cultivation thrdugultivation in boxes, in bottles and in bags (Kpn
2004). Substrate is a major component of mushroaltivation as it forms the nutritional source ae t
substratum on which the mushroom is anchored. Antbegommercially viable mushrooms known, only
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Pleurotus spp. have been reported to be capable of utilizing Ittigest variety of wastes with its fast
mycelial growth and multilateral enzyme system tdpaf degrading nearly all types of wastes (Poppe,
2004). Worldwide survey on oyster mushroom subssra¢vealed about 200 different types of substrates
reported to effectively support the growthRieurotus spp. Among the listed substrate materials, are dry
banana leaves and sawdust. These materials dogthige optimum mushroom growth in isolation; other
substances are usually added to them to boost gheivth-support potentials. Such materials areedall
additives. Most additives are organic materialshsas flours of maize, wheat, rice, cowpea, horgsengr
(Renganathast al., 2008) and, poultry dung, rice bran, palm kernelec@KC), Groundnut cake (GC) and
cow dung (Fasidi, 2006). This study is therefordartaken to assess two additives for growth perémica

of Pleurotus ostreatus on sawdust and banana leaves substrates

2. MATERIALSAND METHODS
2.1 Collection of materials

Dry banana leaves were collected from the Uniwersit Calabar farms. Sawdust was obtained from
Government-owned timber market at Marian Hill, ®aia Palm kernel cake was obtained from Federal
Institute of Industrial Research (FIIRO), Oshodagbs State, Nigeria and groundnut cake collecteah fr
hausa traders at Bogobiri, Calabar Municipality, laBar, Cross River State. The

spawn was donated by Zartech farms, Ibadan, Oy, Stigeria. Rice bran was collected from private-
owned rice mill in Itu Mbonuso, Ini L. G. A., Akwidom State, all in Nigeria.

2.2 Substrate composition

Three substrates were composted namely: sawdyshadrana leaves and sawdust + dry banana leaves.
Sawdust was allowed to ferment for about 30 daygirg this period it was turned regularly at 7 days
interval. The fermented sawdust was soaked forr@4The banana leaves were shredded into bitsaftab
2cnt and soaked for 12 hrs. These substrates werefereets to sac bags and drained of water to a
moisture level of 70% using cassava press. Fifygkams (50kg) of each of banana and sawdust sestr
were mixed with 0.4kg of CaGCand 10kg of rice bran. Pasteurization was achieweshc bags using
metal drums of about 500litres capacity with a weroglatform of about 35cm high within at 60%60for

6 hrs (Fasidi, 2006). Initial water level in theudr was 30cm from the bottom of the drum. The paited
substrates were allowed to cool for 12 hrs, and tvere divided into 3.5kg portions representing the
content of each mushroom bag. Each of these peri@s mixed with 2%, 4% or 6% of either GC or PKC
separately before bagging. Bagging was done irkania condition. Plastic bags measuring 30x25cnewer
used. Each bag was inoculated with 5dPkeurotus ostreatus. The open end of each bag was secured with
a PVC pipe 3cm long and 3cm in diameter wrappet witubber band and plugged with cotton wool.

2.3 Spawn running

The bags were hanged with ropes serially from tiof down with each line carrying a maximum of five
bags. Spawn running room was allowed limited ligRtom temperature was about’@0and relative
humidity between 65 and 75% achieved by sprayirgdbmpost bags and walls of the spawn running
room 2 to 3 times daily with clean water (Fasidi0g).

2.4 Cropping and harvesting

At the end of spawn run, the bags of mycelial caed substrates were transferred to the croppingiro
stacked on bamboo shelves and opened. This seagpprayed with clean water after every 6hrs. The
floor of the cropping room was covered with coasaad from the sea bed and continuously moistened.
The walls of the mushroom house were wetted refyutarhumidify the environment to about 70%. On
fruit bodies’ formation and maturity, data weredakon area of pileus, length of stipe using coriceat
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methods. Fresh weight was taken using Agilent edeat balance. Data were analyzed using SPSS versio
14.0.

Biological efficiency (%) =_Total weight of theuit bodies X100
Total weigiftsubstrate (compost) 1

3. RESULTS

3.1 Spawnrun

Result from the study revealed that initiation ofcmlial growth took place in both treated and uaited
substrate samples within 7 days post inoculatiq).(However, completion of spawn run was delayed i
SD substrates treated to PKC beyond 2% and in Bisteates treated with 4% PKC and above and in
BL+SD at all levels of PKC treatments. Spawn runthie BL, BL+SD and SD controls were completed in
21, 28 and 35 days respectively, following inodolat(data not shown). The uniformity in the initcat of
mycelial growth in all the substrates may stem fribva low hydrolase activity reported Bf ostreatus
during substrate colonization (Elisashwtial., 2008). The implication is that the level of breakch of
substrate materials for the release of nutrienigvs or non-existent within this short period ofdays,
hence nutrients in the additves may have not beerleased and consequently not
available to the mycelia and hence had no
influence on the initial growth of the mycelia. Thariation in the spawn run rate between the tckate
substrate samples may have resulted from the diféers in the chemical composition of both the
substrates and additives and the rate at whichetheaterials were hydrolyzed. Guillen-Navastoal.
(1998) linked the production of mycelial biomasghe hydrolytic enzymes and availability of glucase
the substrate of cultivation. Variations in the egpef colonization (spawn run) by mycelia of diéfet
species of Pleurotus cultivated on different swahst supplemented with various additives have been
reported (Stanley and Awi-Waadu, (2010), Rengama¢hal., 2008, Pathmashirgt al., 2008). However,
the negative correlation observed between add#iy@lementation of substrates and the mycelial tirow
of P. ostreatus is in contrast with an earlier report (Renganatétaai., 2008) on impact of additives on the
growth of mushrooms. The contrast noted may beaetifon of the type and availability as well as ditstn
dependent interactions between the nutrient cordkiite additives and that of the substrates. Cbami
content of palm kernel cake (PKC) revealed the @res low amounts of nutrients and particularly,
proteins reported to be lowest in PKC among the sages in Sub Saharan Africa (FAO, 1984). This may
have contributed to the reduced growth performamcBKC supplemented substrates.

3.2 Cropping

Primordia production in all the substrates toolcplavithin the first seven days of transfer of tlagbto the
cropping room, however, the earliest (4 days) waghe controls of the three substrates and the(Tast
days) to produce primordial was in PKC- treatedssiDstrates. There were a total of 14 flushes witBin
weeks with a significant decline in growth paramete
from the &' week of harvest, especially in mushrooms cultidate PKC-treated SD substrates.
Assessment of the influence of substrates and iaéslibn the pileus (cap) area of the test mushroom
revealed that areas of mushroom cap were largemireated substrate samples compared with those
produced on treated units (Table 1). The largelupiarea (40.64c¢ihwas recorded in mushrooms
produced on BL substrates (control), while SD sabss (control) supported mushrooms with the least
pileus area (24.82cin The disparity observed in the size of pileusdpied on BL and SD substrates is
likely a function of nutrient availability from thmaterials of the two substrates. Sawdust contaigis
amounts of lignin (a complex carbon source higldsistant to enzymatic degradation) than cellulase (
compound easily broken down to glucose which isfthen taken in by the fungus as nutrient) and vice
versa (Choi, 2004), hence glucose may have beelilyesvailable to the fungus grown on banana leaves
substrates than those on sawdust. However, theee weesignificant difference (P<0.05) in pileusas®n

SD substrates treated to either additives at a#ldeof concentration. Generally, addition of 4%tloé
additives on BL and BL+SD substrates produced nogshs with smaller pileus size with the smallest
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(13.08cmi) observed on 4% PKC-treated BL substrates. Thimtiee impact of additive on pileus size is
probably consequent upon its influence on the nigkelgrowth (Baysal et al., 2006).
When the performance of the additives were consiti@respective of the level of concentration, dsw
discovered that PKC supplemented sawdust substratesded a slightly significantly (P<0.05) larger
pileus area than those grown on other substratés.sliggests that, concentration of PKC was the@maj
determinant of the vigor of growth when added wdizst substrates. BL and BL+SD substrates performed
better when they were supplemented with GC+PKCs Tésult points to the fact that the presence of GC
may have
improved on the nutrient status of the substrateu@dnut has been reported to be high in nutrigumts as
protein (25.2%), oil (4.8%) and 4.5% soluble sugdesnbunathan, 1991). The additives did not haye an
significant effect on the length of stipe, irresipex of the substrate used except marginal diffeeen
observed in mushrooms produced on PKC supplem@idesubstrates and in BL substrates supplemented
with zero and 2% GC+PKC (Table 2).

There were no significant differences observedhia kength of stipe produced on the test substrates
supplemented with different levels of concentraiai the two additives. However, the length of estip
produced on all the treated substrates were sigmiffy (P<0.05) lower than those produced on utdrea
substrate samples (Table 4). This suggests thajrtveth and development of stipe was not influenogd
the concentration levels of the additives, buth®ytery presence of the additives in the substrates

The influence of additives and substrates on tleshfrweight of the test mushroom was assessed. A
significant (P<0.05) decline in the fresh weightRfostreatus was observed when PKC was added to
sawdust and when the same substrate was supplameititeGC+PKC beyond 2%. The decline in growth
observed seems to be influenced by the introductid?KC. The low protein status of this supplentealy

be the determining factor. FAO (1984) reported REContain the lowest protein level among the edd
cakes in Sub-Saharan Africa. On banana leavesratdstthe highest fresh weight of the test mushroo
was recorded on the untreated samples. Treatmetht additives did not encourage fresh weight
accumulation in the mushroom cultivated on BL alohtowever, when this substrate (BL) was
supplemented with sawdust (BL+SD) and treated WKC or GC+PKC, the mushroom recorded weight
increases at all levels of the additives conceoimat (Table 5). The banana
leaves sawdust composite (BL+SD) seems to be cdoipawith the additives when compared with
sawdust or banana leaves alone. The reason fdiveogiowth support compatibility of the additivesth
BL+SD substrates is likely resultant from the hagilulose content of banana leaves (which make®up
the highly lignolytic nature of sawdust) (Choi, 200and the high nutritional content of groundnake
(FAO, 1984) which makes up for the low nutrienttissaof PKC. The difference between the mean fresh
weight of mushroom produced on untreated (no addi)i samples and those obtained from additive-
supplemented substrates were in the range of €.12.85g (Table 6). The weight differences werellema

in samples containing BL and GC but higher in sastrdontaining samples treated to PKC alone as the
additives. The result obtained for fresh weighdssxpected since the fruit body yield is largidpendent

on the performance of the fungus at mycelial stagkprimordia formation (Baysel al., 2006).

Irrespective of the concentration of the additites, mean fresh weight of mushroom produced on gsiwvd
treated to PKC (21.74g) and GC+PKC (22.219g) ateihe of 10 weeks of harvest were not significantly
different (P<0.05). However, the mean fresh weightduced on banana leaves substrate treated to
GC+PKC was significantly (P<0.05) higher than ttedue obtained for samples treated with only PKC.
Similar trend was observed in banana leaves + sstvedibstrates (Table 7). The highest mean fresphivei
(29.87g) of mushroom was recorded on banana leavsasvdust substrates treated with GC+PKC while
the lowest mushroom weight was seen on the sawdugbstrate treated to GC+PKC.
Biological efficiency (BE) of the three substratesated with PKC and GC+PKC were assessed. Results
showed that mushrooms grown on substrate sampléewiadditives treatment recorded higher mean
values of biological efficiency compared with vaduebtained on treated samples except for BL+SD
substrates which recorded comparable BE value§ Bvals of additives treatment . Sawdust subegat
treated with 2% GC+PKC and 6% PKC still recordeghkr BE values. Generally, sawdust or banana
leaves substrates supplemented with 4% and abowKGf were not efficient in the cultivation &.
ostreatus (Table 8).
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All growth parameters d?leurotus ostreatus negatively correlated with PKC and GC + PKC supmetad
sawdust substrates. Sawdust substrates were nobogibally efficient when they were supplementedhwi
2% GC+PKC. Sawdust or banana leaves substratedesugmed with 4% PKC and above were not
efficient in supporting the growth &f. ostreatus. Though, substrates were not supplemented with G{; on

it is likely that supplementation of sawdust andd®a leaves substrates alone or BL+ SD composite wi
GC alone may produce better results. Substratelementation with organic and/or inorganic substéanc
often boosts mushroom production (Quiméb al., 1990, Renganathaet al., 2008, Adejoye and
Mesewonrun, 2009). This is, however, true but witime reservations. The findings of this study rimdea
that substrate supplementation can only be residti®d when the nutrient status of both the sabestr
and the supplement (additive) is considered comgigany, and the additives’ concentrations adequate.
This fact should be borne in mind by mushroom fasnespecially when PKC is the additive and sawdust
or banana leaves the growth substrates.
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Table 1: Influence of substrates and additivesrea af pileus oPleurotus ostreatus.

Substrate (kg) /Additives (g) and Area of Pileus?)
SD BL BL+SD
Concentration (g/kg) PKC GC+PKC PKC GC+PKC PKC GC+PKC

0 2482 24.82 40.64 40.64 35.58 35.58
2 17.48 24.49 28.36 27.12 16.61 23.73
4 27.27 27.86 13.08 23.99 19.72 19.70
6 28.32 19.48 14.32 23.67 18.77 23.44
LSD 1.24 1.17 1.34

SD = sawdust, BL = banana leaves, PKC = palm kexalet, GC = Groundnut cake.

Table 2: Comparative influence of PKC and GC+PK@pdemented Sawdust, Banana leaves and
Banana leaves + Sawdust substeoatdise area of pileus &l eurotus ostreatus.

Substrate (kg) and Area of Pileus (cm?)

Substrates SD BL BL+SD
PKC 24.38* 22.78 22.13
GC + PKC 24.16 28.86* 25.61*
t- Value 0.33 0.41 0.36

*Significantly different at P<0.05.
SD = sawdust, BL = banana leaves, PKC = palm kexalet, GC = Groundnut cake.
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Table 3: Influence of substrates and additiveseoigth of stipe oPleurotus ostreatus.

Substrate (kg) /Additives (g) and Length of Stipm)

SD BL BL+SD
PKC GC+PKC PKC GC+PKC PKC GC+PKC
Concentration (g/k¢

0 (untreated) 2.66 2.66 3.33 3.33 3.27 3.27
2 2.10 2.74 1.84 3.30 2.45 2.66
4 2.00 2.01 1.73 2.38 2.53 2.72
6 2.00 1.89 241 1.97 2.44 2.29
LSD 1.21 1.03 1.15

SD = sawdust, BL = banana leaves, PKC = palm kexalet, GC = Groundnut cake.

Table 4: Comparative influence of PKC and GC+PK@ptemented Sawdust (SD), Banana leaves (BL)
and Banana leaves + Sawdust (BL+SD) substratelseolemgth stipe oPleurotus ostreatus.

Substrate (kg) and Length of Stipe (cm)

Substrate SD BL BL+SD
PKC 2.19Ns 2.33 2.67Ns
GC + PKC 2.33 2.75Ns 2.74
t- Value 0.21 0.43 0.11

SD = sawdust, BL = banana leaves, PKC = palm keraké, GC = Groundnut cake. Ns= no significant
difference between treatments.
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Table 5: Influence of substrates and additivesreshf weight oPleurotus ostreatus.

*Substrate (kg) /Additives (g) and Fresh weight (g)

SD BL BL+SD
PKC GC+PKC PKC GC+PKC PKC GC+PKC

Concentration (g/kg)

0 27.87 27.87 33.75 33.75 31.17 31.17
2 13.91 30.69 15.80 24.12 30.34 35.12
4 21.08 16.67 19.92 15.86 37.38 21.30
6 15.74  13.59 12.46  26.69 25.30 31.89
LSD 1.36

*values are means of three determinations
SD = sawdust, BL = banana leaves, PKC = palm kexalet, GC = Groundnut cake.

Table 6: difference in mean fresh weight f ostreatus produced on additive-treated and untreated
mushroom substrates.

Fresh wi¢p)
Substrates Untreated Treated Difference
SD alone 27.87 -
SD+PKC - 22.0% 5.8
SD+GC+PKC - 22.25 5.62
BL alone 33.75 -
BL+PKC - 19.4( 14.3¢
BL+GC+PKC - 25.11 8.64
BL+SD alone 31.17 -
BL+SD+PKC - 25.72 5.45
BL+SD+GC+PKC - 30.05 1.12

SD = sawdust, BL = banana leaves, PKC = palm kexalet, GC = Groundnut cake.
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Table 7: Comparative influence of PKC and GC+PK@psemented Sawdust (SD), Banana leaves (SD)
and Banana leaves + Sawdust (BL+SD) substrateseoinesh weight oPleurotus ostreatus.

Substrate (kg) and Fresh weight (g)

Substrate SD BL BL+SD
PKC 19.65ns 20.48 31.03
GC + PKC 18.461 25.02* 29.87*
t- Value 1.22 1.31 1.14

*significantly different at P<0.05; ns — not signéntly different at P<0.05.
SD = sawdust, BL = banana leaves, PKC = palm kexalet, GC = Groundnut cake.

Table 8: Biological efficiency dPleurotus ostreatus as influenced by different substrates and additives
*Biological efficiency (%
SD BL BL+SD
PKC GC+PKC PKC GC+PKC PKC GC+PKC

Concentration (g/k¢

0 7.4% 7.9¢ 9.1z 9.6 7.71 8.91

2 3.97 8.77 451 6.89 8.67 10.03
4 6.02 4.76 5.69 4.53 10.68 6.09
6 3.88 7.35 3.5¢ 7.65 7.2¢% 9.11

*Values are computed from means of 14 flushes.
SD = sawdust, BL = banana leaves, PKC = palm kexailat, GC = Groundnut cake.
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