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Nigerian agriculture generates a huge quantity of waste resources, which can be converted to useful renewable energy to aug-
ment the country’s primary energy needs, assist in reducing waste management problems and serve as opportunity to reap a range 
of benefits. Lignocellulosic residues present in these abundant agro-wastes, can be converted into edible food source by the action of 
saprophytic fungi. The cultivation of mushrooms which uses biotechnological procedure of bioconversion of different agro-wastes to 
edible mushrooms of high nourishing as well as recycling the agro-wastes into useful agricultural input is gaining relevance.

This study was carried out in the Mycology Laboratory of the Department of Crop Production and Protection, O.A.U. Ile-Ife and 
evaluated the response of different agro-wastes combinations in the cultivation of edible mushroom. Agro-wastes, for example, Corn-
cob (CC), sugarcane bagasse (SB) were utilized as the main substrates while rice grain (RB) and groundnut shell (GS) were utilized 
as supplements to the main substrates. The agro-wastes used were pasteurized, pressed to remove excess water and then treated 
with CaCO3 and CaSO4 before inoculation. 300g of each CC: GS, CC: RB, SB: RB, SB: GS combinations were mixed together properly 
in a container in different percentages which were 80:20, 70:30, 60:40 were weighed, filled into transparent nylon, inoculated with 
spawns of P. florida (Oyster mushroom) and were kept in dark cupboards till complete ramification. Data were collected on number 
of days for complete ramification, days to pin head formation, days to maturity of fruiting body, number of fruiting bodies, weight of 
fruiting bodies, number of flushes and biological efficiency which were subjected to analysis of variance and significant means were 
separated using LSD at p < 0.05. Combination of different agro-wastes increased the yield of P. florida and substrate CCRB with ratio 
80:20, was best for the production of P. florida fruiting bodies. CC based substrates had higher yield when compared to SB based 
substrates. In addition, supplementing the main substrates with additives increased growth rate, yield and the nutritional content 
of P. florida. This study concluded that the use of agro-wastes provides a viable means of producing edible mushroom. It is thus rec-
ommended that mushroom production should be increased with the use of agro-wastes from farm produce and that combination 
of different agro-wastes’ substrates should be used in production of mushroom in place of single substrates. Thus, agro-wastes are 
efficiently managed and recycled.

Introduction
Fungi has boundless significance in the terrestrial biological system and thus in man’s life. In nature, apart from providing food to 

human and other animals, fungi also assume a critical part in the cycling of carbon and different components, by breaking down the lig-
nocellulosic buildups and animal wastes thus, serving as substrates for saprophytic fungi. By this process, saprophytes play an imperative 
ecological part alongside other organisms, enhancing the cycling of plants and animal. At the same time, they produce different enzymes 
that breakdown complex substances which allows the uptake of soluble substances utilized for their own particular growth [1-3]. 
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Mushroom is a fleshy, spore-producing fruiting body of some higher fungi [4]. These are saprophytes of the family basidiomycota and 
some members of the ascomycota [5]. Mushrooms are thought to be special and supernatural in origin [6]. They belong to class Basidio-
mycetes, subclass Hollobasidiomycetidae, order Agricale. They feed by secreting extracellular enzymes thereby digesting food externally 
and absorb the nutrients in net-like chain called hyphae. The hypha, act as a conscious intellect and respond to stimuli when exposed in 
their ecological niche [5]. Mushrooms are achlorophyllous, and are not autotrophic like the green plants [7]. Instead, during their vegeta-
tive growth stage, mushroom mycelia secrete enzymes that break down compounds such as cellulose and lignin present in the substrate. 
The degraded compounds are then absorbed by the hyphae and the mycelium enlarges [7]. The cultivation of mushroom is in two phases 
which are; spawn running phase (i.e. mycelia growth period) and fructification phase (development of the fruiting bodies) which are 
both dependent on external factors such as temperature and humidity [8]. They are of different types which include: Agaricus bisporus 
(white button mushroom), Pleurotus spp. (Oyster mushrooms), Volvariella volvacea (paddy straw mushroom), Lentinus edodes (shiitake 
mushrooms) and Auricus laria (black ear mushroom) [6]. Pleurotus species are characterized by a white spore pint attached to recurrent 
gills, often with an eccentric (off center) stipe, or no stipe at all. The common name “oyster mushroom” originated from the white shell-
like appearance of the fruiting body [9]. Agro-wastes, are rich in carbon compounds, which are readily available sources of carbohydrates. 
This accelerates colonization and the subsequent breakdown of the substrate, which decreases the time of fruiting since the mycelium 
effortlessly utilizes these simple sugars for the fructification, thus, increasing productivity [10]. Some carbon rich agro-wastes are low in 
protein and cannot sufficiently support the growth and development of mushrooms. Such agro-waste therefore needs additional mineral 
nutrient such as nitrogen, phosphate, potassium and vitamins to augment the deficiencies in the main substrates for cultivation [11]. 
Several authors have reported the extensive use of agro-wastes such as sawdust, paddy straw, sugarcane bagasse, corn stalk, corn cobs, 
waste cotton, leaves and pseudo stem of banana, water hyacinth, duck weed, rice straw etc which does not require expensive processing 
methods neither enrichment material [4,8,12]. 

Sugar and starch which are readily available in these substrates tend to reduce the time of fruiting since the mycelium easily converts 
these carbohydrates in reserve for the fructification [10]. Supplements like limestone (CaCO3) or gypsum (CaSO4) is added to the cultiva-
tion medium, in order to obtain the right pH condition that is favourable for the growth of the fungus. Various substrates have different 
effects on the growth, yield and quality of mushrooms [13]. The commercial production of mushrooms is largely determined by the avail-
ability and utilization of cheap and locally organic materials of which are agricultural wastes [14]. The cultivation of mushrooms which 
uses biotechnological procedure of bioconversion of different agro-wastes to edible mushrooms of high nourishing value as well as recy-
cling the agro-wastes into useful agricultural input is gaining relevance. Also, the residual substrate (spent mushroom compost) obtained 
from the cultivation of edible mushrooms can likewise be used as soil conditioner, natural fertilizer, or food for animals, thereby recycling 
of raw materials [15], which today is called “zeri” technology [16]. In developing countries mushrooms is an important crop that can fetch 
farmers a substantial income to alleviate poverty and provide employment opportunities [17]. Over the years, man has realized the nutri-
tional value of mushrooms, as well as their healthy properties compared to other foods. Mushrooms are more beneficial and imperative 
as they are incredible wellsprings of carbohydrates, proteins, mineral salts, vitamins and essential amino acids, which can help to main-
tain a good nutritional balance [18,19]. Proximate analyses have shown the nutritional importance of mushrooms as they possess higher 
protein content than conventional vegetables. The cholesterol and fat content of the conventional sources of protein such as meat and 
chicken are of high level, which are known to cause increase in weight and cardiovascular diseases. Consequent to this, the proteins from 
other sources such as fungi, algae, bacteria and yeast became more popular in recent years [20]. The substance of essential amino acids in 
mushroom is high and near the need of the human body as mushroom is easily digestible with no cholesterol content. Sales-Campos Ceci., 
et al. [11], reported that 200g of mushrooms (dry weight) are adequate to nourish an individual weighing around 70 Kg, giving a decent 
dietary adjust. Hence, these macro-fungi are a nutritionally adequate food source. 

Agricultural wastes include horticultural and forestry wastes such as, crop residues, animal manure, diseased carcasses etc. It has been 
established, that along the food production chain, several agricultural products are wasted and has been underutilized which has resulted 
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to the proliferation of such materials in the environment. Buswell., et al. [21] described edible mushroom cultivation as an economically-
viable processes for the bioconversion of agro-wastes. Chang [1] depicted that mushroom cultivation was utilized as a result of their 
ecological role in the bioconversion of solid wastes released by industry as well as agriculture into palatable biomass, which are can be 
considered as edible food or as a wellspring of medications and pharmaceuticals. About 50% of land produce such as straws, leaves, 
stems, roots etc. remains waste and are not utilized, these wastes can be bio-converted into food thereby leaving behind a healthy and safe 
environment [8]. It is therefore important to develop a protocol that allows the cultivation of edible mushrooms using these abundant, 
readily available agro-wastes at low cost, which is the thrust of this study. 

Materials and Methods
Location of the Study

The study was carried out at the Mycology Laboratory, Department of Crop Production and Protection, Faculty of Agriculture, Obafemi 
Awolowo University, Ile-Ife. The tissue culture procedure was done following Bankole and Salami [8]. The experiment was a (4 x 3 x 4) 
factorial experiment laid out in a randomized complete block design. The Data collected were subjected to statistical analyses using SAS 
version 9.0 (SAS, 2002), analysis of variance was carried out and significant means were separated using least significant difference (LSD) 
at probability level of 0.05, graphs and charts were plotted using Microsoft Excel (MS package, 2016).

Spawns of Pleurotus florida were collected from the Mycology Laboratory of the Department of Crop Production and Protection, Oba-
femi Awolowo University, Ile-Ife.

Fruiting body production

Corn cob (CC) and sugarcane bagasse (SB) were used as the main agro-waste while rice bran (RB) and groundnut shell (GS) were 
used as additives for the production of fruiting bodies in this study. These agro-wastes were combined in different ratio such as: (CC: GS, 
CC : RB), (SB : RB, SB : GS). Three hundred grams of the substrates used were weighed and subjected to the same treatment above (for 
spawn production). The quantity of calcium sulphate and calcium carbonate added depended on the weight of the substrate (300g) used. 
The substrates were also inoculated with the spawn and then transferred into transparent nylon. The inoculated bags of substrates were 
transferred into the dark chamber for incubation and monitored until full ramification of the substrates was attained. After full ramifica-
tion of the substrate with the mycelia of the mushroom, they were brought out from the dark chamber to the fruiting body chamber for 
pin head formation. At this stage, the fully ramified substrates needed light and water, so they were set in the mushroom house for wetting 
and observation for pin heads formation leading to fruiting body production to form macro-fungi/mushroom. The pH of the substrate 
was maintained at a range of 6.30 - 7.10.

Data Collection

Data were collected on number of days for complete ramification, days for pin head formation, number of days to maturity of fruiting 
body, number of fruiting bodies, number of flushes at intervals; as well as weight of fruiting bodies, average growth rate and biological 
efficiency. (Data on days were based on counts while the weight was measured with the weighing balance).

The biological efficiency of the mushroom was calculated according to Salami., et al. [4]:

Biological efficiency = w X 100

Where w = Total weight of fruit bodies 

 W = Total weight of substrate of spawning.

Results
All the substrates used for this study, significantly supported the growth of the Oyster mushroom (Pleurotus florida) at different stages 

of production. This is revealed in a growth flow-chart of the production cycle of P. florida (Plate 1). Although, there were observable 
differences in the level at which the substrates supported the growth of P. florida. 

W X 1
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Plate 1: Different stages in Mushroom production.
A: Tissue Culture; B:  Sterilized Bottle of Agro: Wastes; C:  Completely Ramified Spawn Bottles; D:  Chopped Agro: Wastes 

Substrates; E:  Completely Ramified Substrates; F: Pin Head Formation on Ramified Substrate; G&H: Matured Fruiting Bodies.

All the substrates (which are agro-wastes) used in this study were found to contain essential elements needed for the growth and 
development of Oyster mushroom. These elements were found present in varied amount in the agro-wastes used in this study. The main 
substrates (corncobs and sugarcane bagasse) had the highest percentages of carbon content while the additives (rice bran and Groundnut 
shell) had lower percentages of carbon (Table 1). Also, the percentage of nitrogen was found higher in the additives when compared to 
the nitrogen content of the main substrates (Table 1). Groundnut shell had the highest percentage of potassium while the least potassium 
content was in corncobs. The phosphorus level was found to be generally low in all the substrates although, comparatively found to be 
highest in rice bran.

Substrates (Agro-wastes) Nitrogen (%) Carbon (%) Calcium (%) Phosphorus (ppm) Potassium (Cmol/kg)
Corn cobs 1.60 58.00 2.04 0.17 11.25

Sugarcane bagasse 1.68 30.00 6.08 0.17 14.25
Rice bran 2.45 4.99 3.23 0.32 11.98

Groundnut shell 2.24 6.63 6.55 0.18 20.70

Table 1: Elemental composition of the substrates.

Fruiting body production of Oyster Mushroom (P. florida) 

Analysis of variance for the growth parameters of P. florida grown on different agro-wastes combination is showed that the applied 
treatments (except the replication) were found to be highly significant on improving the production of Oyster mushroom (P. florida). 
This is revealed in the significant treatment effect on all the growth parameters of P. florida measured at probability level 0.05. These 
growth parameters include days to complete substrate ramification (DTCSR), days to pin head formation (DPHF), days to complete fruit-
ing bodies maturation (DCFM), weight of the fruiting bodies (WTFB), number of fruiting bodies (NOFB), length of stipe (LOS), width of 
the stipe (WIDTH), diameter of cap (DOC), number of fruiting bodies (NOF), flush interval (FI) and biological efficiency (BE). The effect of  
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different combinations of agro-wastes on the growth parameters (DTCSR, DPHF, DCFM, WTFB, NOFB, LOS, WIDTH, DOC, NOF, FI and BE) 
of P. florida is presented in table 2. There were conspicuous differences in the measured growth parameters of P. florida as a result of the 
different combinations of agro-wastes (CCGS, CCRB, SBGS and SBRB) used in this study (Table 2). P. florida inoculated on CC, CCGS and 
SBGS substrates reached full growth in form of ramification of the substrates after 14 days of inoculation. This number of days spent by P. 
florida for the full growth in form of ramification of the substrates for fruiting body production was found to be significantly different from 
the observation on CCRB, SB and SBRB substrates where the full ramification by P. florida was recorded after 18 days, 19 days and 22 days 
respectively (Table 2). P. florida grown on substrates with GS as additives, had shorter days for complete ramification when compared 
with substrates having RB as additives (Table 2). Pinheads of P. florida were observed on substrates CC and CCGS 21 days after inoculation 
of the substrates with the completely ramified spawns of P. florida (Table 2). The number of days for the pinhead formation on substrates 
CC and CCGS were not significantly different from each other but significantly different from CCRB where pinheads of P. florida were ob-
served 23 days after inoculation of the substrate with the completely ramified spawns of P. florida. However, pinheads of P. florida were 
observed on substrates SB and SBRB after 25 and 28 days of inoculation respectively. This observed number of days for pinhead formation 
of P. florida were significantly different from each other and the aforementioned substrates (Table 2). 

Plate 2: Ramified substrate bags for P. florida (Oyster mushroom).

Plate 3: Pinheads and matured fruiting bodies of Oyster Mushroom.
Plate 3a: Pinheads of Oyster mushroom (P. florida), Plate 3b: Matured fruiting bodies of Oyster mushroom (P. 

florida).
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The number of days taken for the complete maturation of the fruiting bodies (DCFM) of P. florida was also recorded for all the sub-
strates used in this study (Table 2). The matured fruiting bodies of P. florida were first harvested on CC 24 days after inoculation of the sub-
strate with the completely ramified spawns of P. florida. Whereas, the matured fruiting bodies of P. florida were harvested after 25, 26, 27, 
and 30 days after inoculation on substrates CCGS, SBGS, CCRB and SB respectively (Table 2). The matured fruiting bodies of P. florida were 
harvested on SBRB after 31 days of inoculation with the fully ramified spawns of P. florida. These recorded values of DTCM of the fruiting 
bodies of P. florida were significantly different from each other at P< 0.05 (Table 2). It was also observed that mushrooms harvested from 
substrates with CC as the main substrate matured earlier than the other substrates with SB as the main substrate (Table 2). Using the days 
of pinhead formation as the benchmark, a range of 3-5 days was recorded for the maturation of the pinheads into harvested fruiting bod-
ies (Table 2). The highest weight (35.11g) of matured fruiting bodies of P. florida was recorded on CCRB, this was followed by CCGS, CC, 
SBGS, SBRB with corresponding values of 24.65g, 23.72g, 20.69g and 13.51g respectively. These recorded weights of the matured fruiting 
bodies of P. florida, were found to be significantly different from each other at P < 0.05 (Table 2). The matured fruiting bodies of P. florida 
was found to be lowest on SB with a recorded weight of 11.85g. The matured fruiting bodies of P. florida harvested from substrates with 
CC as the main substrate had significant higher weight than those harvested where SB was used as the main substrate in this study. In ad-
dition, the matured fruiting bodies of P. florida harvested from the combination of CC and RB had higher weight when compared with CC 
(as single substrate without additives) (Table 2). Similar trend was observed in the biological efficiency of oyster mushroom (P. florida). 
Pleurotus florida grown on CCRB was found to have the highest biological efficiency of 17.55%. This was followed by P. florida grown on 
CCGS, CC, SBGS and SBRB which were found to have 8.22%, 7.90%, 6.89%, and 6.75% respectively while the lowest biological efficiency 
was recorded P. florida grown on SB alone (4.74%) (Table 2). The average number of matured fruiting bodies of P. florida harvested on 
CCRB and SBGS was 4.19 and 4.17 respectively. This was found not to be significantly different from each other but was significantly dif-
ferent from average number of matured fruiting bodies of P. florida harvested the other substrates (SB, SBRB, CCGS and CC) with 1.83, 
2.56, 3.81, 3.92 values respectively. The number of fruiting bodies of P. florida harvested on SB based substrates was found to be relatively 
higher than the number of fruiting bodies of P. florida harvested from other substrates. Also, the number of matured fruiting bodies of 
P. florida harvested from the substrates with additives/supplements were found to be higher than main substrates without additives/
supplements (Table 2). The length of the stipe of P. florida harvested from CCRB was found to have an average length of 5.77 cm which was 
found to be significantly longer than length of the stipe of P. florida harvested from the other substrates (SB, SBRB, CCGS and CC) used in 
this study. The width of stipe of P. florida harvested on SBGS was found to be 2.86 cm, 4.56 cm, 4.99 cm, 3.89 cm, 2.73 cm and 2.76 cm for 
SBRB, CCRB, SBGS, CCGS, CC and SB respectively (Table 2). Pleurotus florida harvested on CCRB had the highest average diameter of the 
cap (8.11 cm), this was followed by SBGS, CCGS, SBRB, SB and the lowest was recorded on CC alone (Table 2).

Combination DTCSR 
(Days)

DPHF 
(Days)

DCFM 
(Days)

WTFB (g) NOFB LOS  
(cm)

WIDTH 
(cm)

DOC 
(cm)

NOF FI BE (%)

SBRB 22.00 28.00 31.00 13.51 2.56 3.59 2.86 5.58 1.33 1.83 6.75
CCRB 18.00 23.00 27.00 35.11 4.19 5.77 4.56 8.11 1.75 3.58 17.55
SBGS 14.00 22.00 26.00 20.69 4.14 4.69 4.99 7.43 1.75 3.92 6.89
CCGS 14.00 21.00 25.00 24.65 3.81 4.05 3.89 6.00 1.42 2.08 8.22

CC 14.00 21.00 24.00 23.72 3.92 2.50 2.73 3.71 1.75 3.00 7.90
SB 19.00 25.00 30.00 11.85 1.83 3.37 2.76 5.07 1.00 1.50 4.74

LSD0.05 0.18 0.33 0.35 0.72 0.28 0.22 0.16 0.34 0.06 0.28 0.34

Table 2: Effect of different combinations of agro-wastes on the growth parameters of P. florida. 

DTCSR: Days to Complete Substrate Ramification; DPHF: Days to Pin Head Formation; DCFM: Days to Complete Fruiting Body Maturation; 
WTFB: Total Weight of Fruiting Body; NOFB: Number of Fruiting Body; LOS: Length of Stipe; WIDTH: Width of the Stipe; DOC: Diameter of 

Cap; NOF: Number of Flushes; I: Flushing Interval; BE: Biological Efficiency; CCGS: Corncobs + Groundnut Shell; CCRB: Corncobs + Rice Bran; 
SBGS: Sugarcane Bagasse + Ground Nut Shell; SBRB: Sugarcane Bagasse + Rice Bran
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The effect of different ratio of combinations (80:20, 70:30, and 60:40) of the main substrates to the additives on the growth parameters 
(DTCSR, DPHF, DCFM, WTFB, NOFB, LOS, WIDTH, DOC, NOF, FI and BE) of P. florida is presented in table 3. P. florida grown on substrates’ 
combination (SBRB, CCRB, SBGS, CCGS) with 80:20 (80% main substrates to 20% additives) combination ratio for fruiting bodies produc-
tion was found to completely ramify the substrates combination 16 days after inoculation with the fully ramified spawns (Table 3). This 
number of days recorded for P. florida grown on substrates combination (SBRB, CCRB, SBGS, CCGS) with 80% main substrates and 20% 
additives was found to be significantly different from the other ratio (70:30 and 60:40) of combinations with 17 and 18 days of complete 
ramification of the substrates respectively (Table 3). P. florida was found to ramify faster on substrates (SBRB, CCRB, SBGS, CCGS) with 
combination ratio 80:20 when compared to the other ratio (70:30 and 60:40) used in this study. Pinheads of P. florida were observed on 
the combinations with ratio 80:20 (80% main substrates to 20% additives) after 22 days of inoculation the completely ramified spawns 
of P. florida. Whereas, pinheads of P. florida were observed on the combinations (SBRB, CCRB, SBGS, CCGS) with ratio 70:30 (70% main 
substrates: 30% additives) and 60: 40 (60% main substrates to 40% additives) 23 and 24 days after inoculation the completely ramified 
spawns of P. florida (Table 3). The same trend as aforementioned for DTCSR and DPHF applied also for DCFM. An increasing trend was 
observed in the DTCSR, DPHF and DCFM of P. florida as the ratio of additives increased from 20 - 40% (Table 3).

The matured fruiting bodies of P. florida harvested from substrates’ combination (SBRB, CCRB, SBGS, CCGS) with ratio 80:20 (80% 
main substrates to 20% additives) was found to have the highest weight of 27.54g, this was followed by substrates combination with ratio 
70:30 (70% main substrates: 30% additives) and 60:40 (60% main substrates to 40% additives) with 25.27g and 17.65g respectively 
(Table 3). These recorded weights of the matured fruiting bodies of P. florida, were found to be significantly different from each other at 
P < 0.05 (Table 3). It was also observed that as the proportion additives increased, the weight of the harvested fruiting bodies of P. florida 
decreased. Similar trend was observed in the biological efficiency of oyster mushroom (P. florida). P. florida grown on substrates’ combina-
tion (SBRB, CCRB, SBGS, and CCGS) with ratio 80:20 was found to have the highest biological efficiency of 11.49%. This was followed by 
substrates’ combination (SBRB, CCRB, SBGS, CCGS) with ratio 70:30 (70% main substrates: 30% additives) and 60: 40 (60% main sub-
strates to 40% additives) having 10.33% and 7.40% respectively (Table 3). The highest number of harvested fruiting bodies of P. florida 
(4.39) was also recorded on substrates’ combination (SBRB, CCRB, SBGS, CCGS) with ratio 80:20, whereas, substrates’ combinations with 
ratio 70:30 and 60:40 were found to have 3.10 and 3.52 harvested fruiting bodies respectively (Table 3). The largest diameter of cap (7.37 
cm) of the harvested fruiting bodies of P. florida was recorded on the substrates with ratio 80:20. This was significantly different from the 
substrates’ combination (SBRB, CCRB, SBGS, CCGS) with ratio 70:30 and 60:40 (Table 3). The length of the stipe of P. florida harvested 
from substrates (SBRB, CCRB, SBGS, CCGS) with ratio 70:30 was found to have an average length of 4.69 cm which was significantly longer 
than the length of stipe of P. florida harvested from the other substrates’ combination (SBRB, CCRB, SBGS, CCGS) with ratio (80:20 and 
60:40) having 4.54 cm and 4.33 cm respectively (Table 3). The width of stipe of P. florida harvested on substrates (SBRB, CCRB, SBGS, 
CCGS) with ratio 80:20, 70:30 and 60:40 was found to be 4.39 cm, 3.64 cm and 4.19 cm respectively (Table 3).

Ratio DTCSR 
(Days)

DPHF 
(Days)

DCFM 
(Days)

WTFB 
(g)

NOFB LOS 
(cm)

Width 
(cm)

DOC 
(cm)

NOF FI BE (%)

80:20 16.00 22.00 26.00 27.54 4.39 4.54 4.39 7.37 1.68 3.43 11.49
70:30 17.00 23.00 27.00 25.27 3.10 4.69 3.64 6.43 1.43 2.06 10.33
60:40 18.00 24.00 28.00 17.65 3.52 4.33 4.19 6.54 1.56 3.06 7.74
LSD0.05 0.15 0.28 0.31 0.62 0.24 0.18 0.15 0.29 0.05 0.24 0.29

Table 3: Effect of different ratio of combinations of agro-wastes on growth parameters of P. florida. 

DTCSR: Days to Complete Substrate Ramification; DPHF: Days to Pin Head Formation; DCFM: Days to Complete Fruiting Body Maturation; 
WTFB: Total Weight of Fruiting Body; NOFB: Number of Fruiting Body; LOS: Length of Stipe; WIDTH: Width of the Stipe; DOC: Diameter of 
Cap; NOF: Number of Flushes; FI: Flushing Interval; BE: Biological Efficiency; 80:20: 80% Main Substrates: 20% Additive; 70:30: 70% Main 

Substrates: 30% Additive; 60:40: 60% Main Substrates: 40% Additive.
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The effect of different percentages of calcium derivatives (1% CaCO3: 1% CaSO4, 1% CaCO3: 2% CaSO4, 1% CaCO3: 3% CaSO4, 1% CaCO3: 
4% CaSO4) added to the substrates (SBRB, CCRB, SBGS, CCGS) on the growth parameters (DTCSR, DPHF, DCFM, WTFB, NOFB, LOS, WIDTH, 
DOC, NOF, FI and BE) of P. florida is presented in table 4. Pleurotus florida grown on substrates (SBRB, CCRB, SBGS, CCGS) with calcium 
augmentation ratio 1:1 (1% CaCO3: 1% CaSO4), was found to completely ramify the substrates after 18 days of inoculation (Table 4). 
Whereas, the P. florida inoculated on substrates (SBRB, CCRB, SBGS, CCGS) with calcium augmentation ratio 1:2 (1% CaCO3: 2% CaSO4), 
1:3 (1% CaCO3: 3% CaSO4) and 1:4 (1% CaCO3: 4% CaSO4) was found to have completely ramify the substrates after 17 days of inoculation 
with the fully ramified spawns of P. florida for fruiting bodies production (Table 4). Gradual increase in the percentage of calcium sulphate 
with respect to the weight of the substrate used in this study decreased the numbers taken for full ramification of the substrates (SBRB, 
CCRB, SBGS, and CCGS) (Table 4). 

A different pattern was observed for the days to pin head formation as the lowest and the highest percentage of calcium carbonate 
and calcium sulphate (1% CaCO3: 1% CaSO4 and 1% CaCO3: 4% CaSO4) used in this study were found to have the lowest day to pinhead 
formation of 23 days and were not significantly different from each other (Table 4). The weight of the harvested fruiting bodies of P. florida 
increased significantly with the gradual increase in the percentages of the calcium derivatives. The highest weight of the fruiting bodies 
of P. florida was harvested from the substrates (SBRB, CCRB, SBGS, and CCGS) with the highest percentage of the calcium derivative. Pleu-
rotus florida fruiting bodies harvested from substrates (SBRB, CCRB, SBGS, and CCGS) with 1% calcium carbonate: 4% calcium sulphate 
were found to have the highest weight and biological efficiency of 25.18 g and 10.21% respectively (Table 4). A regression equation fur-
ther revealed that a unit increase in the calcium derivatives, increases the weight of the fruiting bodies with 0.86 unit in this study (Figure 
1). Fruiting bodies harvested from substrates (SBRB, CCRB, SBGS, and CCGS) augmented with the highest calcium derivatives (1:4), had 
the shortest length of stipe, lowest width of stipe and large diameter. Hence, a well-developed fruiting body of P. florida. This is unlike the 
fruiting bodies of P. florida harvested from substrates augmented with the lowest calcium derivatives (1:1) which was found to have the 
longest stipe and a deformed cap (Table 4 and Plate 4). 

Figure 1: Regression equation of the weight of fruiting bodies against the percentage calcium 
increase.
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Calcium DTCSR 
(Days)

DPHF 
(Days)

DCFM 
(Days)

WTFB 
(g)

NOFB LOS 
(cm)

Width 
(cm)

DOC 
(cm)

NOF FI BE (%)

1:1 18.00 23.00 27.00 22.17 3.89 4.94 4.12 6.88 1.58 3.08 9.64
1:2 17.00 24.00 27.00 23.53 3.92 4.82 4.06 6.98 1.72 3.86 10.21
1:3 17.00 24.00 28.00 23.07 4.14 4.29 4.27 6.34 1.53 2.64 9.36
1:4 17.00 23.00 28.00 25.18 3.25 4.04 3.85 6.92 1.42 1.83 10.21

LSD0.05 0.17 0.32 0.35 0.72 0.28 0.22 0.17 0.33 0.06 0.28 0.34

Table 4: Effect of different percentages of calcium carbonate and calcium sulphate on growth parameters of P. florida. 

DTCSR: Days to Complete Substrate Ramification; DPHF: Days to Pin Head Formation; DCFM: Days to Complete Fruiting Body Maturation; 
WTFB: Total Weight of Fruiting Body; NOFB: Number of Fruiting Body; LOS: Length of Stipe; WIDTH: Width of the Stipe; DOC: Diameter of 
Cap; NOF: Number of Flushes; FI: Flushing Interval; BE: Biological Efficiency; 1:1: 1% CaCO3 : 1% CaSO4; 1:2: 1% CaCO3 : 2% CaSO4; 1:3: 1% 

CaCO3 : 3% CaSO4; 1:4: 1% CaCO3 : 4% CaSO4

Plate 4: Deformed fruiting bodies of P. florida (Oyster mushroom).

Agro-wastes were used in this study for its availability, its cheap sources of essential nutrients and the ability of P. florida to easily 
breakdown the lignocellulosic constituents for its growth when compared to other substrates used for cultivation. These wastes can be 
recycled into food thus, eliciting a safe environment. The substrates used in this study supported the growth of P. florida significantly 
although at different levels. This is similar to the findings of Modal., et al. [12] and Salami., et al. [4], who reported that different species 
of Oyster mushroom performed well on different substrates containing hemicellulose and lignin such as corn cobs, sugarcane bagasse, 
rice bran, maize straw, banana leaves, saw dust and log of wood. The observed variation as occasioned by the different substrates can 
be adduced to the differences in the chemical and elemental composition of these agro-wastes [4]. Mineral elements necessary for the 
fructification of the mushroom are the same as those required by any cultivated plant, which are major elements and microelements [15]. 
The elemental composition of the substrates used in this study supported the previous report that mineral elements are necessary for the 
growth, development and fructification of the Oyster mushroom. All these essential elements were present and available in the substrates 
used for the cultivation of P. florida in this study. Sales-Campos Ceci., et al. [11] reported that carbon is the main source of energy derived 
from plant tissue, used by fungi for their development, these are the polysaccharides and lignin in the cell wall, although other polymeric 
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compounds such as lipids and proteins can also be used. The main substrates (corncobs and sugarcane bagasse) used in this study have 
higher percentages of carbon and contained lower percentage of nitrogen, but the supplements used as additives have higher nitrogen 
percentage than carbon. The complementary effect of the carbon which is higher in the main substrates and nitrogen which is also higher 
in the additives used sufficiently justified the fact that the supplemented substrates performed better than the single based substrates, 
hence, an increase in the production of oyster mushroom. It has been reported that substrate formula need the addition of nitrogen-rich 
supplements at the outset of production to improve the C/N ratio and to accelerate the breakdown process of the substrates [11]. The 
nitrogen percentage available in the groundnut shell was not significantly different than the nitrogen percentage available in rice bran and 
readily available for the P. florida. The availability of these nutrients also contributed to the rapid growth and development of P. florida, 
thus, revealed in the number of days used for the cultivation process which was shorter than using the conventional method of cultivation. 
The carbon content of sugarcane bagasse was lower compared to corncobs but it was easily converted to absorbable nutrient needed and 
readily available for the organism’s use. This may be due to the presence of sucrose which has been identified as the main sugar pres-
ent in sugarcane which is easily used up by the organism. This might have accounted for the rapid growth of the P. florida on sugarcane 
bagasse substrates and reduced DTCR. It took a longer time for the organism to breakdown the polysaccharides present in the corncobs’ 
substrates but after the breakdown, it was able to support the growth of the organism for a longer period of time. 

For the fruiting body production of P. florida, the different agro-wastes’ combinations, in different ratio, augmented with calcium car-
bonate and calcium sulphate have significant effect on improving the production of Oyster Mushroom (P. florida). This is due to the fact 
that all the necessary elements and nutrient needed for the growth of P. florida is present in available and absorbable form in the sub-
strates. Sarker., et al. [13] opined that various substrates have different effects on the growth, yield and quality of mushrooms, this cor-
roborates the result of this study. The differences in the days to complete ramification of the substrates for the fruiting body production 
was as a result of the differential elemental and nutrient composition of the substrates. Combined substrates with GS as additives, rami-
fied faster than the other substrates. The reason for this is not far-fetched owing to the higher percentage of the essential elements such 
as potassium and calcium in GS than the other additive (rice bran) used in this study. Also, GS contained higher carbon percentage than 
the rice bran supplement. These constituents present in the combined substrates were available at required amount for the growth and 
proper fructification of the P. florida. The organism also possess an efficient and effective system to breakdown the substrates to derive 
necessary nutrient for its spread and fast growth in form of ramification of the substrates used. This observed trend also was also re-
corded for number of days to pin head formation for substrates. Although, the trend was similar to what was observed on DTCSR, it took 
substrates with earlier days of full ramification of the substrates longer days (about 7 days’ interval) before pinhead formation was re-
corded on them. While the substrates that ramified later by P. florida, had shorter days’ interval of 5 days from full ramification to pin-head 
formation. Thus, early ramification of the substrates does not necessarily predict pinhead formation. From this study P. florida primordial 
initiation was shortened to 21 - 28 days. This is an improvement on the study of Naraian., et al. [22] who reported in his study on the influ-
ence of different nitrogen rich supplements during cultivation of Pleurotus florida on corn cob substrate that primordial initiation was 
observed between 20 - 35 days. Complete maturation of the fruiting bodies took an average of 3 - 4 days after pinhead formation for all 
the substrates used. The earlier trend of the substrates in succession that formed pinhead also matured in that order. This further asserts 
that the average days of complete mushroom production can be shortened to 24 days by combining different agro-wastes. Hence, an im-
provement in the Oyster mushroom production process. Maturation of the P. florida fruiting bodies was earlier on CC based substrates 
because the carbon present in this substrate, remains available for easy absorption, utilization and conversion into edible products by the 
organism. SB also have these essential nutrients for the fructification and maturation of P. florida, but at lower percentage when compared 
to Corncobs. Higher weight was recorded generally in combined substrates than the uncombined substrates. This might be due to the ad-
ditive effect of the essential nutrient available in the combined substrates when compared to the single based substrates. This explanation 
also holds for the biological efficiencies of the P. florida which was higher on combined substrates than the uncombined substrates. Al-
though, the number of fruiting bodies harvested from SB based substrates were higher than the CC based substrates, the weight of the 
harvested mushroom from combined substrates where CC was the main substrate exceeded the weight of those harvested where SB 
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served as the main substrate. This can be alluded to the fact that SB has available nutrient elements which is easily used up unlike in CC 
where the nutrients was sustained and progressively released for the organism’s use. The fibrous nature of CC might have also contrib-
uted to the higher weights because substrates that have higher fibre contents tends to produce fruiting bodies with higher weight when 
compared to the substrates with less fibre content. Also, the length and the width of stipe of the mushroom harvested from CC based 
substrates were higher than others. This may be as a result of the high fibre content of the substrate. Ratio of the different combinations 
of agro-wastes was significant on the growth parameters that was measured in this study. The ratio of combination, also had a significant 
effect on the days for the transition from the reproductive stage to the vegetative stage where the pinheads emerged. The days to complete 
substrates ramification (DTCSR), days to pin head formation (DPHF) and days to complete fruiting body maturation (DCFM) increased as 
the proportion of the additives increased. This is because, the additives have low carbon percentage which is an essential element neces-
sary for spawn running. Increasing the additives beyond 20% as observed in this study will negatively affect the production cycle in terms 
of days to completion of production and the harvested yield. Supplementing the main substrates with the additives (although supplies 
other complementary nutrients) substitutes/ reduces the fibrous content of the main substrates which is highly essential for the fruiting 
bodies to possess higher weight. Hence, supplanting the main substrates beyond 20% of the additives may be detrimental to the produc-
tion of Oyster mushroom. Eighty percent of the main substrates supplemented with 20% of the additives will supply the necessary nutri-
ents needed for the production of the fruiting bodies of P. florida. This explanation also holds for the observed trend of the effect of ratio 
of supplementation on the weight of the harvested fruiting bodies. It was observed that as proportion additives increased, the weight of 
the fruiting bodies harvested decreased significantly. This is similar to the report of Naraian., et al [22]. The biological efficiencies of the 
supplemented substrates were higher than the un-supplemented substrates. Increasing the levels of the additives beyond 20% negatively 
affected the biological efficiency. This is similar to Naraian., et al. [22] who reported that the biological efficiencies of supplemented sub-
strates increased over the un-supplemented set. Also, with increasing level of additives, the biological efficiency was negatively affected 
at higher levels. The observation on the weight of fruiting body is similar for the biological efficiency because they are directly propor-
tional. Ratio 2 (70:30, 70% main substrates: 30% additives) is most appropriate for spawn production according to this study. The differ-
ent percentages of calcium carbonate and calcium sulphate added to the substrates also had a highly significant effect on the growth pa-
rameters measured. Calcium has been earlier reported as one of the major elements needed for the growth of various fungi [15]. Gradual 
increase of the percentage of calcium sulphate with respect to the weight of the substrate used increased the numbers taken for full 
ramification of the substrates. This suggests that there is a limit to which calcium additives can be added to the substrates without becom-
ing a problem to the production. The required percentages conducive to production of spawn is different from the percentage needed for 
the fruiting body production. This may be as a result of slightly different activities the organism undergoes at both production stages. 
Sales-Campos Ceci., et al. [11] had reported that calcium augmentation beyond 5% results in deformed fruiting bodies, this study ob-
served similar trend. Fruiting bodies harvested from substrates augmented with the lower percentage of calcium derivatives had the 
longest stipe and a deformed cap which invariably represents a deformed fruiting body (Plate 1). However, fruiting bodies harvested from 
substrates augmented with the higher percentage of calcium derivatives (1:4), had the shortest length of stipe, moderate width of stipe 
and large diameter. Hence, a well-developed fruiting body. This was corroborated by Sales-Campos Ceci., et al. [11] in his earlier report 
that some minerals such as sodium chloride, magnesium, and calcium also stimulate the early formation of fruiting bodies as well as in-
creased mycelia growth. Combination of different substrates increased the yield of P. florida. Substrate CCRB at ratio 80:20, and 5% cal-
cium augmentation (1% CaCO3 and 4% CaSO4) is best for the production of P. florida fruiting bodies. Corncob based substrates had higher 
yield when compared to Sugarcane bagasse based substrates. Also, adding supplements to the main substrates with additives, increases 
the nutritional content of P. florida. The protein content of P. florida increases with increasing percentage of the additives [23-77].

Conclusion
It can be concluded from this study that agro-wastes are useful raw material in mushroom production rather than constituting a chal-

lenge to waste management problem encountered in the agricultural industry. Agro-wastes used in this study provides an alternative 
and profitable means of producing edible mushroom without the incorporation of edible food (cereals) in the production cycle of edible 
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mushroom. However, the response of other species of oyster mushroom to agro-waste should be researched while other physical factors 
such as temperature, humidity, different pH that can improve mushroom production should also be worked on. From the foregoing, it 
can be recommended that; mushroom production should be increased with the use of agro-wastes from farm produce. Agro-wastes are 
recommended for the entire production of P. florida without the use of any edible food materials such as cereals. Combination of different 
agro-wastes’ substrates is highly recommended for the production of mushroom in place of single substrates. Augmentation of substrates 
formulation with calcium sulphate and calcium carbonate within the range of 4 - 5% is recommended for successful production of oyster 
mushroom P. florida.
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