
For successful mushroom cultivation, three factors must be 
considered, namely reliable spawn, good substrate and a 
conducive environment (Rajapakse et al. 2007). Substrates 
in mushroom cultivation have the same function as soil in 
plant production (Kwon and Kim 2004). Many species of 
Pleurotus are commonly grown on a wide range of ligno-
cellulosic materials (Sanchez 2004). Different substrates 
can be recommended per region due to local availability of 
agricultural wastes (Cohen et al. 2002). The ideal medium 
for cultivation of edible fungi must be sterile and rich in 
essential nutrients (Wood and Hartley 1988; Kwon and Kim 
2004), such as nitrogen (N), phosphorus (P), potassium 
(K), magnesium (Mg) and iron (Fe). Most commonly used 
substrates include sawdust, cottonseed straw, cereal straw, 
corncob, sugar cane straw and other plant fibres with high 
cellulose content (Ragunathan et al. 1996; Kwon and Kim 
2004). According to Labuschagne et al. (2000), wheat straw 
has been the main substrate used for cultivating Pleurotus 
ostreatus. However, Bughio (2001) successfully planted 
Pleurotus ostreatus on a combination of wheat straw, cotton 
boll straw, paddy straw, sugarcane and sorghum leaves.

The substrate can also be supplemented, if necessary, 
with additional N sources, such as wheat bran, oat bran, 
copra cake (from spent coconut), rice bran, sorghum or 
millet in order to obtain quality mushrooms. Additives such 
as gypsum, limestone and chalk can function as pH buffers 
in a substrate (Kwon and Kim 2004). Although Pleurotus 
species can be produced from various substrate types or 
residues, productivity and biological efficiency will vary 
according to strains and substrates used (Bernardi et al. 

2007). Different substrates can, therefore, be recommended 
per region depending on local availability of agricultural 
wastes (Cohen et al. 2002). 

Cultivation of oyster mushrooms using different 
substrates has been studied extensively (Poppe 2004). 
However, there is no specific information on the usage of 
thatch grass and wood chips as alternatives to wheat straw 
for oyster mushroom cultivation. Thatch grass can be freely 
collected from the veld and wood chips are waste products 
from wood-milling companies. These alternative substrates 
need to be studied in order to determine their suitability 
for use by both commercial and small-scale farmers in 
mushroom production. Therefore, the present study was 
conducted to investigate the suitability of two alternative 
substrates (thatch grass and wood chips) with regard 
to the rate of colonisation amongst the substrates, the 
amount of contamination, and to compare mineral content 
of the substrates and nutritional differences between oyster 
mushrooms produced.

Materials and methods

Study site 
The experiment was conducted in a custom-made 
growth room at the Experimental Farm of the Agricultural 
Research Council–Institute for Tropical and Subtropical 
Crops (ARC-ITSC) situated in Mbombela Municipality 
(25°27′ S, 30°58′ E; 650 m above sea level), Mpumalanga, 
South Africa. Temperature (°C) and relative humidity (RH; 
%) in the growth room were measured using a HOBO Data 
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Logger (U14–001 LCD Temperature/RH Data Logger, 
Onset Computer Corporation, Bourne, MA, USA).

Experimental design and pasteurisation of substrates
The layout of the experiment was a completely randomised 
design with six treatments consisting of a factorial 
combination of three types of substrates and two levels of 
drainage, with each treatment replicated four times. The 
three types of substrates were wheat straw (control), wood 
chips and thatch grass (Figure 1). Single bales of wheat 
straw (10 kg), wood chips (20 kg) and thatch grass (15 kg) 
were boiled separately in 225 L drums. Substrates were 
pasteurised using the method outlined by Kang (2004). 
Drained substrates were boiled and excess water allowed to 
leach out before inoculation with spawn, whereas undrained 
substrates were inoculated with spawn immediately after 
boiling. Culture bags were 45 µm polyethylene bags filled 
with a mixture of substrate and spawn (1 kg) to a total 
weight of 7 kg. Wheat straw substrate was sourced from 
Marble Hall (Limpopo, South Africa), wood chips were 
sourced from DENSA, a wood company (Lydenburg/Sabie 
Road, Mpumalanga), whereas thatch grass was collected 
from the veld (Mbombela, Mpumalanga).

Data collection
Culture bags were evaluated for both colonisation and 
contamination. Evaluation for colonisation began shortly 
after inoculation until full colonisation, whereas contami-
nation by mostly Trichoderma species was evaluated on a 
weekly basis using a rating-scale method of between 0 and 
100% as outlined by Tesio (2003). After  full colonisation, 
culture bags were cross cut from top to bottom to facilitate 
growth of mushroom flushes. 

Mature oyster mushrooms were harvested three weeks 
after planting. These were pulled manually from the culture 
bags and kept in brown paper bags to avoid moisture 
loss, and taken to the laboratory for post-harvest analysis. 
Growth parameters recorded included cumulative number 
of harvests, number of flushes, number of caps and 
fresh mass. 

Post-harvest analysis
After recording growth parameters, samples were kept in 
two separate plastic bags with caps or stalks and stored 

in  a  deep  freezer  (−21  °C)  for  further  analysis.  These 
samples were then sent on ice to ARC-API Laboratory 
Services for chemical analysis. Mineral analysis of samples 
of wheat straw, wood chips and thatch grass substrate 
were analysed at the ARC-ITSC Soil Science Laboratory 
using standard procedures (for P, K, Mg, Fe, calcium [Ca], 
zinc [Zn], copper [Cu], manganese [Mn] and boron [B]) 
as outlined by Isaac and Johnson (1992). The nutrient 
concentrations were measured with an atomic absorption 
flame spectrophotometer (Varian Spectra AA 250 Plus, 
Mulgrave, Australia).

Analysis of chemical composition of oyster mushrooms 
Both caps and stalks (100 g each) were chemically 
analysed for ash, carbohydrates, dry matter, moisture, fat 
and protein content. Organic matter was analysed using 
the method outlined by Harris (1970). Carbohydrates, 
moisture content, crude protein, ash and fat were analysed 
using appropriate SANAS-accredited methods outlined by 
Greenfield and Southgate (2003). Dry matter content was 
determined using the method outlined by Mertens (2002). 
Fats were dissolved in ether and evaporated at 105 °C 
using the Kjeldahl method outlined by Greenfield and 
Southgate (2003). 

Cost and economic analysis of substrates
Wheat straw was bought from a farm in Marble Hall at a cost 
of R25.00 per 10 kg bale. The transport cost was R1 000.00 
(480 km return trip) using a 1 ton truck with a trailer. In 
addition, the wheat straw was stored for three months to 
leach out compounds responsible for inhibiting mushroom 
growth. As wood chips were collected for free from a milling 
company close to the experimental site, costs were consid-
ered negligible. No costs were also associated with the 
thatch grass, as it was collected from the veld close to the 
experimental site and used immediately. In South Africa, 
button mushrooms are sold for R25 kg−1, whereas oyster 
mushrooms are sold for R40 kg−1 in local retail markets.

Statistical analysis
Statistical analysis and interpretations were based on 
comparison of treatment means, as well as comparison 
between cumulative number of harvests, number of flushes, 
number of caps and fresh mass. The collected data were 

Figure 1: Sterilised wood chips (a), thatch grass (b) and wheat straw (c; control) on a planting table before inoculation with oyster 
mushroom spawn
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subjected to analysis of variance (ANOVA) using the 
SAS 8.2 software package (SAS Institute, Inc., Cary, NC, 
USA, 1999–2001).

Results and discussion

Rate of colonisation
Mean daily temperature in the growth room varied between 
19 and 27 °C during full colonisation with mycelia and 
fruiting, whilst RH was between 80% and 98% (Figures 2 
and 3). These  temperatures appear  ideal because Shah 
et al. (2004) reported an optimal temperature of 25 °C 
for full mycelia colonisation and fruiting. There were 
highly significant differences (P < 0.05) in the percentage 
colonisation of wheat straw compared with either wood 
chips or thatch grass from days 1 to 8 (Figure 2). 

On day 1, wheat straw showed 65% colonisation 
compared with 50% and 45% colonisation for wood chips 
and thatch grass, respectively. Thereafter, wood chips and 
thatch grass showed lower rates of colonisation compared 
with that of wheat straw from days 1 to 8. This may be 
due to low temperatures and RH in the growth room. In 

addition, it took 8 days to attain full colonisation of wheat 
straw with mycelia, whereas full colonisation of wood chips 
and thatch grass was attained on days 9 to 10 (Figure 2). 
The present results were not inconsistent with the findings 
of Tan (1981), Shah et al. (2004), Mondal et al. (2010) and 
Khan et al. (2012), who reported that spawn took 2–3 weeks 
(14–21 days) to achieve full colonisation. Moreover, Khan 
(2009) reported that Pleurotus ostreatus took 24–25 days 
for completion of spawn running on wheat straw substrate. 
This may be due to the environmental conditions and the 
ability of available minerals in wheat straw to support oyster 
mushroom growth. From days 9 to 11, no significance 
difference in percentage colonisation was observed between 
the growing media. This indicated that wheat straw, wood 
chips and thatch grass had attained full colonisation by 
this time, although significant differences were observed 
at early stages of colonisation. Wheat straw was ideal for 
increasing the colonisation percentage of oyster mushrooms 
compared with wood chips and thatch grass. Grown 
mushrooms should be able to colonise an area quickly 
before other parasitic fungi can cover a designated area 
(van Nieuwenhuijzen 2007). The variation observed may be 
due to environmental differences, hygiene and the viability of 
oyster mushroom spawn. 

Comparison between substrate drainage and rate of 
colonisation
The extent of drainage did not significantly affect rate of 
colonisation from days 1 to 4 (Figure 4). Undrained wheat 
straw did not differ significantly to drained wheat straw in 
terms of rate of colonisation from days 7 to 9. Furthermore, 
undrained wheat straw attained 100% colonisation from 
days 9 to 11, whereas drained wheat straw did not attain full 
colonisation (Figure 4). Mane et al. (2007) reported a range 
of 12–14 days for full spawn running in various Pleurotus 
species on lignocellulosic substrates, although the present 
results concur with the spawn running periods reported 
above  for Pleurotus species.

Undrained thatch grass showed an increased rate of 
colonisation compared with drained thatch grass from days 6 
to 9. Undrained thatch grass attained 100% colonisation at 
days 9 to 11, indicating that the polyethylene bags were fully 
colonised in two weeks (Figure 4). There was no significant 

Figure 2: Rate of percentage colonisation for wheat straw, wood 
chips and thatch grass media from day 0 to day 11. Error bars 
represent LSD means (P < 0.05)
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Figure 3: Mean temperature and relative humidity recorded from 25 March 2011 to 9 May 2011 in a hut house during the experiment
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difference (P < 0.05) in percentage colonisation between 
drained and undrained wood chips from days 0 to 11. 
Mycelial growth is a preliminary step that creates suitable 
internal conditions for fruiting and also is a vital factor in 
mushroom cultivation because at the end of the day, farmers 
are willing for better yield (Pokhrel et al. 2009).

Amount of contamination
Percentage contamination exhibited no significance 
differences (P < 0.05) amongst the treatments during 
week 1 (Table 1). Wood chips did not differ significantly 
from wheat straw in relation to amount of contamination in 
week 2. However, wood chips showed higher percentage 
contamination (16%) compared with thatch grass (8%) 
in week 2, whereas wheat straw (0%) showed no 
contamination. Van Niewenhuijzen (2007) stated that a fast 

rate of colonisation by mushrooms within the growing area 
can suppress the development of other fungi or bacteria. 
Wood chips were more susceptible to contamination 
compared with thatch grass, whereas wheat straw did not 
show any contamination during the experiment (Table 1).  
In  week  3  wood  chips  showed  significantly  increased 

percentage contamination (28%) compared with thatch 
grass (10%). This may be due to variation in moisture 
loss within the different substrates, thereby influencing 
development of other fungi or bacteria. On-farm hygiene 
can also contribute to contamination of both substrate and 
mushrooms (van Niewenhuijzen 2007). In week 4, wood 
chips significantly differed from wheat straw in amount of 
contamination. Moreover, wood chips showed the highest 
percentage  contamination  (37%)  compared  with  thatch 
grass (13%) and wheat straw (0%) (Table 1). This indicated 
that wheat straw significantly suppressed contamina-
tion throughout the production period. Clearly, both wood 
chips and thatch grass were not effective in suppressing 
contamination. Sofi et al. (2014) indicated that nutrient-
poor substrates exhibited low mycelial densities, making 
them prone to contamination especially by green mould. 
According to Kumari and Achal (2008), contamination can 
be caused by improper pasteurisation of straw and the 
availability of contaminants in a substrate. 

Mineral composition of substrates 
Thatch  grass  had  higher  N  content  (1.136%)  than  both 
wheat straw (0.560%) and wood chips (0.080%) (Table 2). 
Rajarathnam et al. (1988) indicated that N plays an 
important role in building biomass of Pleurotus ostreatus. 
Thatch grass had significantly higher available N compared 
with both wheat straw and wood chips. This finding is 
also supported by Yildiz et al. (2002), who reported that 
the natural substrates (i.e. woods) on which Pleurotus 
species grow are very poor in N content, nevertheless fruit 
bodies are produced. Upadhyay et al. (2002) reported that 
Pleurotus species have the capability to fix atmospheric N. 

Thatch grass had a significantly higher P content 
(0.161%) compared with both wheat straw (0.054%) and 
wood chips (0.001%). In contrast, wheat straw contained 
a higher amount of K (0.907%) compared with both thatch 
grass (0.537%) and wood chips (0.037%). 

In terms of Ca levels, thatch grass, wheat straw and 
wood  chips  varied  significantly  (0.490%,  0.340%  and 
0.067%, respectively). Chiu et al. (1998) reported that 
agricultural wastes can be used to supply Ca for oyster 
mushroom growth and yield. In addition, application of 
poultry manure can be used to supplement and compen-
sate for the lack of Ca, Cu, Mn and Fe in a nutrient-deficient 

Figure 4: Rate of colonisation of wheat straw (WS), wood chips 
(WC) and thatch grass (TG) substrates, either drained (D) or 
undrained (N), from day 0 to day 11. No significant differences 
among treatments were observed
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Treatment
Evaluation week

1 2 3  4 
Wheat straw 0.00 0.00b 0.00b 0.00b

Wood chips 3.38 16.25a 27.75a 36.88a

Thatch grass 5.00 7.50ab 10.00ab 12.50ab

LSD (α < 0.05) ns 14.75 22.46 24.00
P-value 0.3097 0.0161 0.0107 0.0130

Table 1: Contamination percentages for three growing media 
evaluated over four weeks. Within the same column, means 
followed by the same letter are not statistically different at P = 0.05

Treatment
Element (%) Element (mg kg−1) N:K

ratioN P K Ca Mg Zn Cu Mn Fe B
Wheat straw 0.560b 0.054b 0.907a 0.340b 0.108b 33.00b 24.33a 71.33b 845.00a 7.53a 0.63b

Wood chips 0.080c 0.001c 0.037c 0.067c 0.024c 8.67c 3.00c 48.33c 235.00c 3.97c 2.07a

Thatch grass 1.136a 0.161a 0.537b 0.490a 0.282a 36.33a 11.33b 147.00a 408.33b 10.27a 2.13a

LSD (α < 0.05) 0.041 0.002 0.023 0.021 0.004 2.978 0.942 3.940 34.010 0.553 0.447
P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0003

Table 2: Mineral analysis of different growing media. Within the same column, means followed by the same letter are not statistically 
different at P = 0.05
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substrate for oyster mushroom cultivation (Bandara et al. 
2006). Available Mg content significantly differed for thatch 
grass (0.282%) compared with both wheat straw (0.108%) 
and wood chips (0.024%). Wheat straw contained a higher 
amount of Fe (845.0 mg kg−1) compared with both thatch 
grass  (408.3  mg  kg−1)  and  wood  chips  (235.0  mg  kg−1) 
(Table 2). In general, wood chips had the lowest mineral 
(e.g. N, P, K, Ca, Mg and Fe) quantities, far below critical 
threshold levels required for oyster mushroom production, 
compared with the other substrates. The lower mineral 
content of wood chips was reflected in the production of 
fewer cumulative numbers of flushes and caps and lower 
fresh mass of oyster mushrooms.

Nutritional composition of oyster mushrooms
There were no significant differences (P < 0.05) between 
treatments (wheat straw, wood chips and thatch grass) 
in terms of the chemical composition (i.e. ash, fat, protein 
and carbohydrates) of oyster mushrooms (Table 3). Other 
studies have reported protein contents ranging from 22.89% 
to 25.97%, which were far higher than the current results, 
when rice straw was used as a substrate. The fat and 
carbohydrates content  ranged  from 1.03%  to 1.50% and 
30.24% to 42.26%, respectively.  These results indicate that 
carbohydrate and protein contents are dependent on the 
substrate used (Wang et al. 2001). However, in the present 
study, all mineral nutrients were available in harvested 
oyster mushrooms in lower percentages, regardless of the 
different substrates (Table 3). 

The substrates in the present experiment had moisture 
contents ranging from 89.94% to 90.84%. This finding was 
similar to that of Dunkwal and Jood (2009), who reported 
that oyster mushrooms grown on wheat straw and brassica 
straw contained moisture contents of 89.68% and 88.98% 
on a fresh weight basis. Oyster mushrooms are soft in 
nature due to the high moisture content at a young stage 
but tend to lose moisture with maturity (Prakash et al. 
2011). Mushroom fungi are regarded as a good source 
of protein, with high vitamins and lower calories, and free 
from cholesterol (Selvi et al. 2007). Generally, no growing 
medium was superior to the other substrates in relation to 
chemical composition.

Harvesting periods
Oyster mushroom harvesting started at ±66 days after 
planting. At first harvest, thatch grass produced a higher 
number of flushes compared with both wheat straw and 
wood chips (Figure 5). Thatch grass had a higher cumula-
tive number of flushes, although each harvest differed in 
number of flushes and caps and fresh mass produced 
during the entire production. However, wheat straw had 
a similar number of flushes compared with thatch grass. 
Wheat straw produced a similar number of caps from the 
first harvest to the sixth harvest. Surprisingly, wood chips 
had three harvests only compared with both wheat straw 
and thatch grass (Figure 5). This study was not inconsistent 
with  the  findings of Sharma et al.  (2013), who harvested 
only two flushes of mushrooms for each treatment (rice 

Treatment
Nutritional value (%)

Fresh mass Dry matter Moisture Ash Fat Protein Carbohydrates
Wheat straw 10.54 9.84 90.16 0.82 0.15 1.66 7.22
Thatch grass 9.92 9.16 90.84 0.68 0.09 1.67 6.74
Wood chips 10.76 10.06 89.94 0.44 0.08 2.45 7.09
LSD (α < 0.05) ns ns ns ns ns ns ns
P-value 0.803 0.766 0.766 0.114 0.473 0.582 0.960

Table 3: Nutritional value of oyster mushrooms harvested in different growing media

Figure 5: Harvesting times with number of flushes (A), number of caps (B) and fresh mass (C) of oyster mushrooms produced from 15 April 
to 28 May 2011
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straw, rice straw + wheat straw, rice straw + paper, 
sugarcane bagasse and sawdust). In general, both thatch 
grass and wheat straw produced high numbers of flushes 
and caps and high fresh mass, which increased yield. This 
finding was not inconsistent with that of Sofi et al. (2014), 
who reported that wood chips in combination with wheat 
straw had the highest yield compared with single usage of 
wheat straw and waste paper substrates. 

Yield of oyster mushrooms
Cumulative number of flushes produced was significantly 
different (P < 0.05) among all treatments (wheat straw, 
thatch grass and wood chips). Wheat straw (45) had the 
highest cumulative number of flushes produced followed by 
thatch grass (44) and wood chips (12) (Figure 6). Kumari 
and Achal (2008) cultivated Pleurotus ostreatus on different 
substrates and reported that the highest yield was achieved 
on wheat straw, followed by the combination of paddy straw 
and wheat straw. These authors’ findings were similar in 
that the highest yield was on wheat straw, but the other 
substrates used were different to those of the present study.  

Cumulative number of caps produced on both wheat 
straw and thatch grass differed significantly (P < 0.05) 
compared  with  wood  chips.  Both  wheat  straw  (395)  and 
thatch  grass  (392)  had higher  cumulative  number  of  caps 
compared with wood chips (91.50) (Figure 6). 

Both wheat straw and thatch grass differed significantly 
from wood chips in terms of cumulative fresh mass of 
oyster mushrooms. Wheat straw (4 113 g) and thatch grass 
(3  944  g)  produced  the  highest  cumulative  fresh mass  of 
oyster mushrooms compared with that of wood chips 
(361 g) (Figure 6). This indicated that both wheat straw and 
thatch grass produced greater yields. Thatch grass also 
showed potential as an alternative to wheat straw when 
considering the cumulative fresh mass produced.

Conclusions

Wheat straw accelerated the rate of colonisation, which 
helped to avoid contamination with parasitic fungi 
(Trichoderma spp.). However, with thatch grass the rate 

of colonisation recovered at a later stage after contami-
nation had occurred. This indicated that both wheat straw 
and thatch grass accelerated the rate of colonisation, 
although at different stages. Both wheat straw and thatch 
grass suppressed contamination due to quick coverage of 
mycelia in the culture bag. Wood chips had a high rate of 
contamination by parasitic fungi (Trichoderma spp.) due to 
slow mycelial coverage of the culture bags. Although thatch 
grass had minimal contamination at an advanced stage 
of mycelia coverage, it is still advisable to be used as an 
alternative substrate only if wheat straw is not available. 
Thatch grass is recommended because it contains three 
important nutrients (N, P and Mg) required by oyster 
mushrooms, whereas wheat straw contains only N and 
Mg in high quantities. Both wheat straw and thatch grass 
produced high cumulative numbers of flushes and caps 
and high fresh mass of oyster mushrooms. In general, 
thatch grass is shown to be useful as an alternative 
substrate to wheat straw because it produces a higher yield 
of oyster mushrooms. 
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