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I. INTRODUCTION

Many species of genus Pleurotus (Jacq.:Fr.) P. 
Kumm. (Pleurotaceae, higher Basidiomycetes) are 
well-known culinary-medicinal species and generally 
grown on a wide range of lignocellulosic materials. 
Many medicinal functions are known to be produced 
by Pleurotus species, including antihypercholes-
terolemia, cardiovascular, antitumor, antioxidant, 
radical scavenging, antiviral, antibacterial, and 
hepatoprotective.1

 Some experiments on agricultural wastes studied 
as substrates for Pleurotus spp. have been reported.2–9 
The substrate used in each region not only depended 
on the locally available agricultural wastes,10  but also 
was mainly determined by the abundance and cost 

of these wastes.2,6,8,11 Generally the fruiting bodies 
contained 40.6% to 53.3% carbohydrate, 27.3% to 
42.5% crude protein, and 1.1% to 8.0% fat.12,13 It 
was also observed that the agricultural wastes used 
as substrates for cultivation of Pleurotus spp. did 
not influence the range of nutrient composition of 
the fruiting bodies.14 Therefore, it is feasible to use 
agricultural wastes for cultivation of Pleurotus. Apart 
from agricultural wastes, recently it was reported 
that some plants have been used also as the sub-
strate for cultivation of Pleurotus spp., such as water 
hyacinth,15 jute plant,16 plantain peeling,4 umbrella 
plant,17 elephant grass,18 and weed plant.19 It appeared 
that some plants have the potential to be used as a 
substrate for cultivation of oyster mushroom. 
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Panicum repens and Pennisetum purpureum are 
perennial grass plants widely available at altitude 
below 1,500 m in Taiwan. Especially, there are 
approximately 350,000 tons of P. purpureum artifi-
cially cultivated as cattle feed every year in Taiwan.20 
Besides, wild P. purpureum also proliferates in the 
open country such as wasteland, hilly areas, or on 
both sides of a path, and so on. Zea mays is widely 
cultivated throughout Taiwan; its production was 
over 120,000 tons/year in recent years. Simultane-
ously, Taiwan produced at least 1.2 million metric 
tons of Z. mays stalk every year.20 Recently, the 
primary use for Z. mays stalk is as a feed for cattle 
in Taiwan. However, large quantities are expended 
through burning or incorporation into the soil as 
organic fertilizer. 

In Taiwan, the main substrate used for the com-
mercial cultivation of mushrooms is sawdust, which 
has resulted in the reduction of wooded areas. In 
recent years, there has been an enhanced conscious-
ness of the need to protect forests.; moreover, poten-
tial shortages of sawdust have highlighted the need to 
identify alternatives that may be used for sustainable 
cultivation of Pleurotus mushrooms in the future. In 
our previous study, we cultivated P. citrinopileatus 
using grass plants.21 The aim of the present study 
was to evaluate the suitability of the stalks of the 
above three kinds of grass plant to partially replace 
sawdust for the cultivation of culinary-medicinal 
species Lung Oyster mushroom, P. pulmonarius (Fr.)
Quél. (Pleurotaceae, Agaricomycetideae) in Taiwan. 

II. MATERIALS AND METHODS

A. Mushroom Material and Spawn 
Preparation

Pleurotus pulmonarius, obtained from Da-Nan 
Mushroom Farm (Puli, Nantou, Taiwan), was grown 
on potato dextrose agar (PDA) medium at 25°C for 
regular subculture and maintained on PDA slants at 
4°C for a maximum of 3 months. Grain spawn was 
prepared in 850 mL polypropylene plastic bottles 
filled with 500 g of wheat grains soaked in water 
overnight, supplemented with 1% rice bran and 0.5% 

calcium carbonate (w/w, in terms of dry weight) and 
then sterilized at 121°C for 60 min. After cooling 
to room temperature, the sterilized grain of every 
bottle was inoculated with mycelial agar discs (Ø 
5 cm). The spawn was incubated at 25°C until the 
substrate fully colonized. 

B. Substrate Preparation and Inoculation 

The grass plants tested in this study were Panicum 
repens, Pennisetum purpureum and Zea mays. The 
stalks of P. repens and P. purpureum were obtained 
from two hillside fields in Taiwan, Da-Tsuen and 
Changhua, respectively, and the stalks of Z. mays 
were obtained from a local farm (Nantou, Taiwan) 
in May 2007. P. repens and Z. mays were grown 
to eared condition and P. purpureum was grown to 
over 2 meters; then their stalks were gathered. The 
stalks of these grass plants were kept in room tem-
perature until air-dried and then ground into 0.5 to 
1.5 cm length pellets, and soaked in water overnight 
before substrate preparation. After draining excess 
water from the stalks, they were used as substrate 
for replacing partially composted hardwood sawdust. 
In order to determine suitable substrates and suitable 
ratios for the cultivation of P. pulmonarius, various 
materials and combination substrates were tested. 
The control substrate formulation (all ingredients 
based on dry substrate weight, w/w) consisted of 
90% sawdust, 9% rice bran, and 1% CaCO3. The 
symbols of 30 PRS (PPS or ZMS):60 S, 45 PRS 
(PPS or ZMS):45 S and 60 PRS (PPS or ZMS):30 
S represented the substrates replaced by 1/3, 1/2 and 
2/3 sawdust by the stalks of P. repens, P. purpureum, 
or Z. mays, respectively (Table 1). Water content of 
the final mixture was adjusted to about 65% (w/w). 
The mixture was poured into polyethylene plastic 
bags and sterilized at 121°C for 80 min. The weight 
of every bag was approximately 1 kg. Thirty-six 
replicate bags were used for each substrate. After 
the substrates were cooled to room temperature, 
they were inoculated with the 5 g/bag grain spawn. 
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C. Incubation and Harvest 

The inoculated substrates were kept in a spawn 
running room at 25°C and 70% relative humidity 
under dark conditions. The mycelial growth rate 
was determined as the height of the mycelia in the 
colonized culture bag, divided by the incubation 
time (days). After the surface of the substrates was 
entirely covered with the mycelium, then the sub-
strates were moved to a cropping room in which the 
temperature was maintained at 18°C for 48 hours 
to stimulate formation of primordia. The substrates 
were then returned to incubate at 25°C and kept at 
relative humidity of 90% or above. The bags were 
opened to allow the development of fruiting bodies. 
For the second and third flushes, the previous flushed 
bags were kept at 25°C for 7 days in the dark. Then 
the mycelium in the bags were regenerated, and the 
bags were moved again to a cropping room at 18°C 
for 48 hours to induce new primordia formation. For 
all the substrates, three flushes of mushrooms were 
harvested from each of the bags. At every flush, the 
harvested fruiting bodies were then weighed. At the 
end of the harvest period, the accumulated data were 
used to calculate the biological efficiency (BE). BE 
is the ratio of the weight of the fresh fruiting body 

(g) per dry weight of substrate (g), expressed as a 
percentage.22

D. Substrate Analysis

Substrate sample was dried at 60°C to a constant 
weight. Carbon content was determined according 
to the report of Nelson and Sommers,23 and nitrogen 
content was carried out using the Kjehldal method.24 
Then the carbon/nitrogen ratio of each substrate was 
calculated.

E. Statistical Analysis

Each data value was presented as the mean ± stan-
dard deviation. Differences between the means of 
individual groups were assessed by one-way ANOVA 
with Duncan’s multiple-range test.

III. RESULTS

Chemical composition and C/N ratio varied consider-
ably among substrates (Table 1). Total nitrogen levels 
determined in all of the substrates containing PPS 

Substrate* and mixture ratio by weight Symbol** Carbon (%) Nitrogen (%) C/N Ratio

90% sawdust (control) 90S 52.99±2.14 0.88±0.09 60.22±2.51

30% Panicum repens stalk:60% sawdust 30PRS:60S 50.71±1.94 1.01±0.11 50.21±2.07

45% Panicum repens stalk:45% sawdust 45PRS:45S 50.23±1.25 1.04±0.04 48.76±1.84

60% Panicum repens stalk:30% sawdust 60PRS:30S 50.01±2.17 1.08±0.06 46.31±2.30

30% Pennisetum purpureum stalk:60% sawdust 30PPS:60S 51.82±2.64 0.72±0.03 71.97±2.92

45% Pennisetum purpureum stalk:45% sawdust 45PPS:45S 48.39±1.57 0.64±0.02 75.61±1.74

60% Pennisetum purpureum stalk:30% sawdust 60PPS:30S 46.50±1.64 0.58±0.04 80.17±1.87

30% Zea mays stalk:60% sawdust 30ZMS:60S 54.82±1.89 0.87±0.05 63.01±1.08

45% Zea mays stalk:45% sawdust 45ZMS:45S 54.28±2.14 0.99±0.05 54.82±2.40

60% Zea mays stalk:30% sawdust 60ZMS:30S 53.15±2.52 1.15±0.10 46.22±2.73

*All the substrates also contained 9% rice bran and 1% CaCO3. **Panicum repens stalk, PRS; Pennisetum 
purpureum stalk, PPS; Zea mays stalk, ZMS; sawdust, S.

TABLE 1. Materials Used for Substrate Prepared and Their Mixture Ratios and Analysis (Carbon %, 
Nitrogen %, and C/N Ratio)
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were lower than that of the control (90S); therefore, 
their C/N ratios were higher than those of substrates 
containing PRS, ZMS and the control.

The results of mycelial growth of P. pulmonarius 
on different substrates are shown in Table 2. The 
mycelia of all the experimental substrates grew 

throughout the whole bag and were uniformly white, 
similar to the control. The mycelial growth rates of 
45ZMS:45S and 45PRS:45S were obviously quicker 
than that of the control; however, the mycelial growth 
rate of 60PRS:30S was apparently slower than that 
of the control. Among the different substrates for 
the cultivation of P. pulmonarius, 45PRS:45S for 
P. repens stalk, 30PPS:60S for P. purpureum stalk, 
and 45ZMS:45S for Z. mays stalk were found to be 
the best combination for mycelial growth in these 
three different grass plants, respectively. The cor-
responding results of the total colonization period 
are shown in Table 2. The shortest period of the 
fungus colonized the substrate of 45ZMS:45S was 
21.0 days, followed by the substrate of 45PRS:45S 
was 21.3 days; whereas the control was 23.6 days. 
However, it was 30.9 days in the case of the substrate 
of 60PRS:30S. 

The time after low temperature stimulation to 
harvest of the first flush for the substrates containing 
ZMS was shorter than those of the other experimental 
substrates and the control (Table 3). Besides, the time 
of the third flush for the substrates containing PRS 
was also shorter than those of the other experimental 
substrates and the control. Especially, the time was 
gradually reduced in the continual three flushes for 
the substrates containing PRS, which phenomenon 
was similar to the result of the control. The average 

Substrate Mycelial growth 
rate (mm/day)

Total colonization 
period (days)

90S 7.2 ± 0.5b* 23.6 ± 0.7b

30PRS:60S 7.4 ± 0.8b 23.0 ± 0.9bc

45PRS:45S 8.0 ± 0.8a 21.3 ± 0.9c

60PRS:30S 5.5 ± 0.9c 30.9 ± 0.9a

30PPS:60S 7.5 ± 1.1ab 22.7 ± 1.0bc

45PPS:45S 6.9 ± 1.2bc 24.6 ± 1.1b

60PPS:30S 6.9 ± 0.7bc 24.6 ± 0.8b

30ZMS:60S 7.3 ± 1.5b 23.3 ± 1.2b

45ZMS:45S 8.1 ± 1.2a 21.0 ± 1.1c

60ZMS:30S 7.6 ± 1.0ab 22.4 ± 1.0bc
*Data are analyzed by Duncan Multiple Range Test. 
Means within a column followed by same letter are not 
significantly different at 5% level of probability.

TABLE 2. Comparison of Mycelial Growth of 
Pleurotus pulmonarius on Different Substrates

Substrate 1st flush 2nd flush 3rd flush Average 

90S 3.9 ± 0.7bc* 3.9 ± 0.2c 2.9 ± 0.3c 3.6 ± 0.4cd

30PRS:60S 3.9 ± 0.7bc 3.9 ± 0.3c 2.7 ± 0.5cd 3.5 ± 0.5d

45PRS:45S 4.1 ± 0.6b 3.9 ± 0.3c 2.7 ± 0.5cd 3.6 ± 0.5cd

60PRS:30S 4.9 ± 0.9a 4.0 ± 0.3bc 2.6 ± 0.5d 3.8 ± 0.6c

30PPS:60S 4.5 ± 0.5ab 3.7 ± 0.5cd 3.8 ± 0.8bc 4.0 ± 0.6bc

45PPS:45S 4.4 ± 0.5ab 4.1 ± 0.7bc 4.3 ± 0.9b 4.3 ± 0.7ab

60PPS:30S 4.1 ± 0.3b 5.0 ± 0.6a 4.6 ± 0.7a 4.6 ± 0.5a

30ZMS:60S 3.8 ± 0.9bc 4.3 ± 0.4b 4.2 ± 0.7b 4.1 ± 0.7b

45ZMS:45S 3.3 ± 0.9d 4.4 ± 0.6b 3.8 ± 0.7bc 3.8 ± 0.7c

60ZMS:30S 3.6 ± 0.7c 4.4 ± 0.5b 4.2 ± 0.8b 4.1 ± 0.7b

*Data are analyzed by Duncan Multiple Range Test. Means within a column followed by same letter are not 
significantly different at 5 % level of probability.

TABLE 3. The Period (Days) after Low Temperature Stimulation to Harvest of Every Flush
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time after low temperature stimulation to harvest 
of every flush for the different substrates gave the 
shortest time of 3.5 days on 30PRS:60S, followed 
by 3.6 days on 45PRS:45S and the control, and 3.8 
days on 60PRS:30S and 45ZMS:45S.

The BEs at various flush of P. pulmonarius on 
different substrates are shown in Figure 1. There 
were three flushes for all the substrates during the 
2.5-month cultivation period. The BEs of the first 
flush for all the experimental substrates were obvi-
ously higher than that of the control. The BEs of 
the second flush for the substrates containing PRS 
were higher than that of the control, however, those 
of the substrates containing PPS were lower than 
that of the control. And the BEs of the third flush 
for all the experimental substrates were, similar to 
the results of the first flush, higher than that of the 
control except 30PRS:60S and 45PRS:45S. Eventu-
ally, the total BEs of all the experimental substrates 
containing PRS, PPS and ZMS were higher than 
that of the control (39.55%). The best substrate for 
high BE was 60ZMS:30S (58.33%), followed by 
45PRS:45S (57.16%), 45ZMS:45S (49.86%), and 
30ZMS:60S (47.20%). 

IV. DISCUSSION

In the present study we also used sawdust as a control 
to evaluate the effect of grass plants on the production 

of P. pulmonarius. As shown in Table 2, mycelium 
growth was observed with all the substrates. The 
results of surface mycelial density indicate that P. 
pulmonarius can grow on substrate with the partial 
replacement by any of the grass plants tested. 

Based on the results of mycelial growth rates, 
Zea mays stalk was found to be the best material 
in the three grass plants for mycelial growth of  
P. pulmonarius. This result is in agreement with our 
previous study on cultivation of P. citrinopileatus 
using grass plants to partially replace sawdust.21 
Among the different substrates, the mycelium of P. 
pulmonarius took the longest time to totally colonize 
the substrate for 60PRS:30S. The result was similar 
to the previous result.21 Our results indicate that this 
substrate, 60PRS:30S, is not good for the mycelial 
growth of either P. citrinopileatus, or P. pulmonarius.

Generally, compared with the substrates contain-
ing PRS and PPS, the substrates containing ZMS 
gave the fastest mycelial growth rate. It did not 
completely correspond with biological efficiency, 
indicating that mycelial growth and biological effi-
ciency of P. pulmonarius probably have different 
requirements. The results were consistent with the 
findings of Obodai et al.6 that the mycelial growth 
rate of rice husk as substrate for the cultivation of 
P. ostreatus did not accord with yield. 60ZMS:30S, 
45PRS:45S, and 45ZMS:45S were three of the most 
suitable substrates for P. pulmonarius; it was found 
that the C/N ratios of these substrates were between 
46 and 55. The results were similar to the previous 
study on P. citrinopileatus cultivation,21 since those 
C/N ratios were between 46 and 51. However, the 
results were lower than those reported for Agro-
cybe aegerita and P. eryngii, which indicated that 
the C/N ratio of 59 corresponded with high BE in 
wheat straw3 and those reported for Lentinus edodes, 
which showed the C/N ratios of 159.6 and 131.1 
corresponded with high yields in sugarcane bagasse 
and sugarcane leaves.25 

The BEs of 45PRS:45S (57.16%) and 60ZMS:30S 
(58.33%) in this study were similar to the substrates 
obtained from leafstalk (BE of 58.9%) and bunch 
waste (BE of 56.9%) of coconut palm for cultivation 
of P. sajor-caju,2 respectively. However, the results 
were lower than those of individual wheat straw 

FIGURE 1. Biological efficiency (%) at various flush of 
Pleurotus pulmonarius grown on different substrates.
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(BE of 79.4%) and 50% wheat straw + 50% waste 
paper (BE of 121.2%) as substrates cultivated by 
P. ostreatus,26 and also far lower than that (BE of 
139.0%) of the combination substrate of rice straw 
and weed plant (Leonotis sp.), mixed in 1:1 propor-
tion for P. ostreatus cultivation.19

In this study, BEs of the substrates containing 
PRS, PPS and ZMS for cultivation of P. pulmonarius 
were higher than that of the control, the corre-
sponding percentage ranges being 10.4% to 44.5%, 
6.3% to 18.6% and 19.3% to 47.5%, respectively. 
Especially, the substrates containing ZMS were the 
best in the 3 different grass plants. The results are 
in good agreement with previous studies in which 
lignocellulosic materials were reported to be a good 
substrate for cultivation of Pleurotus species.2,19,21,26 
In the 3 flushes of different substrates for P. pulmo-
narius cultivation, the highest BE was mainly shown 
at the first flush except for 30PRS:60S, 60PRS:30S, 
30PPS:60S, and control. The third flush of every 
substrate was almost the lowest BE in the 3 flushes 
except for 45PPS:45S, 60PPS:30S, and 30ZMS:60S. 
It was especially interesting for the highest BE in 
the first flush of the substrates containing PRS (BE 
of 23.78%), PPS (BE of 19.81%), and ZMS (BE of 
27.14%), which were also the highest yield in the 
three grass plants and corresponded with 45PRS:45S 
(BE of 57.16%), 60PPS:30S (BE of 46.89%) and 
60ZMS:30S (BE of 58.33%), respectively. 

Based on our results, the stalks of the three grass 
plants used in this study can be considered practical 
and economically feasible due to their availability 
throughout the year at little cost and in large amounts. 
Because the stalk of Z. mays gave relatively good 
yields, it could be used as an alternative material for 
P. pulmonarius cultivation.
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