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ABSTRACT 

Pleurotus pulmonarius was cultivated on dry banana leaves (Musa paradisiaca) or 
dry “palmareca” leaves (Chrysalidocarpus lutescens), using two substrate treatments. 
Substrates were immersed in water containing 2% lime for 24 h and used for 
mushroom cultivation, in comparison with the method of immersing substrates in hot 
water at ±80 C for 1 h. The highest mushroom production was obtained on banana 
leaves immersed in alkaline water, reaching 120.1% of biological efficiency in a period 
of 61 days. Biological efficiency in the other treatments varied between 41.4-81.2%. 
Substrates and treatments studied are suitable for low-cost and small-scale production 
of oyster mushrooms. 

Key words: Agricultural by-products, mushroom cultivation, Pleurotus pulmonarius, 
alkaline substrate treatment.

decomposers capable of degrading 
lignocellulose, they are cultivated on 
a variety of treated and even untreated 
agricultural by-products2. Diverse methods 
of substrate treatment have been used 
involving the use of chemicals (e.g., 

INTRODUCTION 

Oyster mushrooms (Pleurotus spp.) are 
distributed worldwide, and several species 
are grown commercially on a large and 
small scale in many countries. As primary 
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fungicides, formaldehyde, lime, hydrogen 
peroxide, biodegradable detergents), 
fermentation processes, hot water, and 
steam9,11.
 The immersion of substrates in hot water 
was developed by Kurtzman in 19747. Later, 
he refined it8. Variations of this treatment 
(±80 C, 1 h) are common in the cultivation 
of oyster mushrooms in Mexico1,4,5. 
Alternative rustic procedures have also 
been tested. Villa Cruz et al.13 studied 
a mixture of coffee pulp and corn cobs, 
treated only with a water solution of lime 
(2%) or fungicide (100 ppm benomyl), as 
substrate for the cultivation of P. ostreatus. 
They recorded biological efficiencies (BEs) 
of 70.6-72.0%, and found no significant 
differences in relation with those from the 
same substrate fermented for several days. 
Hernández et al.6 cultivated P. ostreatus 
on a mixture of grass (70%) and coffee 
pulp (30%), pre-soaked in a water solution 
of 2% lime and fermented (2-3 days), 
reaching BEs of 59-93%. Contreras et al.3 
reported BEs ranging from 37-126% for P. 
ostreatus, following the same procedure 
but using a water solution of 0.5% lime.
 In this study, we cultivated P. pulmonarius 
using dry banana leaves and on dry 
“palmareca” leaves, a common ornamental 
palm, as substrates. Mushroom yield, BE, 
and production rate were recorded on these 
substrates treated with a water solution of 
2% lime for one day, and compared with 
the method of treating substrates with hot 
water (±80 C) for one hour.

MATERIALS AND METHODS

Strain. Pleurotus pulmonarius (Fr.) Quél. 
(strain IE-4) was used in all experiments. 
This strain is deposited at the culture 
collection of the Institute of Ecology 

(Xalapa, Mexico). It was maintained and 
subcultured on potato dextrose agar (PDA, 
Bioxon).
 Spawn preparation. This was carried 
out according to a method previously 
described11. Sorghum grains (Sorghum 
vulgare Pers.) were soaked in water for 
24 h, drained, autoclaved (121 C for 1 h) 
in polypropylene bags (ca. 150 g/bag), 
cooled, and inoculated with P. pulmonarius. 
Inoculated bags were incubated at 29 C for 
two weeks in darkness.
 Substrates. Dry banana leaves (Musa 
paradisiaca L.) were obtained from the 
banana-producing region at Tecoanapa, 
Guerrero, Mexico. Dry “palmareca” leaves 
(Chrysalidocarpus lutescens H. Wendl.) 
were collected from public gardens 
of Chilpancingo city, Guerrero. These 
substrates were fragmented (3-5 cm) 
manually using a machete.
 Treatment with lime. Substrates were 
submerged separately in a tap water 
solution of 2% lime [Ca(OH)2] for 24 h 
using plastic trays. Treatments were kept 
at ambient temperature, including banana 
leaves (BTL) and “palmareca” leaves 
(PTL) treated with lime. BTL and PTL had 
the same pH of 9.0, and a moisture content 
of 76.9% and 63.0%, respectively.
 Treatment with hot water. Substrates 
were wetted separately by immersion in tap 
water for 24 h. Thereafter, they were treated 
by immersion in hot water at 80 C for 1 h. 
Treatments were banana leaves (BTH) and 
“palmareca” leaves (PTH) treated with hot 
water. BTH and PTH had the same pH of 
6.0, and a moisture content of 78.8% and 
65.5%, respectively.
 Mushroom cultivation. Ten samples (ca. 3 
kg, fresh weight) of each substrate treatment 
were placed into plastic bags (50 x 70 cm), 
and inoculated with 150 g of spawn (5%, 
w/w). All inoculated bags were incubated 
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at 26±3 C in darkness until first primordia 
appeared. In the fruiting room, there were 
daylight conditions through windows, and 
the minimum temperature was 24 C, the 
maximum temperature was 29 C, and the 
relative humidity was 75-80%. Variables 
studied were: the number of days until 
primordia formation, mature mushroom 
yield during three flushes (fresh weight of 
mushrooms/fresh weight substrate x 100), 
biological efficiency (BE, fresh weight of 
mushrooms/dry weight substrate x 100), 
and production rate (PR, BE/total days of 
production)1,2.
 Experimental design and statistical 
analysis. Data were processed by analysis 
of variance in a complete randomized 
bifactorial design. Significant differences 
between means were analyzed by the 
Tukey’s multiple range test (α = 0.05%). 

RESULTS AND DISCUSSION

Musa  leaves and Chrysalidocarpus leaves 
were suitable substrates for mycelial 
growth and fruiting of P. pulmonarius 

(Fig. 1). There was no contamination by 
moulds in all samples studied, although 
several samples treated with lime showed 
some bacterial contamination at the end of 
experiments.
 First primordia appeared earlier on 
Chrysalidocarpus leaves treated with hot 
water (PTH, 28 days), and Musa leaves 
treated with lime (BTL, 30 days). On Musa 
leaves treated with hot water (BTH) and 
Chrysalidocarpus leaves treated with lime 
(PTL), primordia appeared 36 and 37 days 
after spawning (Table 1). The highest total 
mushroom production was obtained on 
BTL (832.5 g), followed by BTH (516.7 
g), reaching a biological efficiency (BE) 
of 120.1% and 81.2%, respectively (Table 
2). In these cases, the mushroom yield was 
27.7% (BTL) and 17.2% (BTH), while the 
production rate (PR) was 2.0% (BTL) and 
1.2% (BTH). Their total production cycle 
was similar, being of 61 days for BTL and 
63 days for BTH. PTL and PTH treatments 
showed lower total mushroom production 
(460.2-465.2 g), BE (41.4-44.9%), yield 
(15.3-15.5%), and PR (0.61-0.78%). The 
BE obtained on BTL (120.13%) with P. 

Table 1. Period after spawning for primordia formation of Pleurotus pulmonarius on substrates 
studied.

  Primordia appeared (days after spawning)
Treatment  1st 2nd 3rd Total days of 
     production cycle

Musa leaves treated with lime 30±5.6 b1 42±5.6 b 57±6.2 b 61±6.2 b 
Musa leaves treated with hot water (±80 C, 1 h) 36±4.2 a 48±3.1 ab 59±5.0 ab 63±5.0 ab
Chrysalidocarpus leaves treated with lime 37±3.1 a 50±3.4 a 64±3.1 a 68±3.3 a
Chrysalidocarpus leaves treated hot water 28±4.6 b 42±6.2 b 54±7.6 b 58±7.5 b

1 Different letters in the same column indicate significant differences according to Tukey’s multiple range test 
(α = 0.05).
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pulmonarius is similar to that recorded on 
other substrates, such as fermented tequila 
maguey bagasse (84.0%)10 and fermented 
sugar cane bagasse (51.0%)4. However, 
it was lower than the BE recorded on the 
coffee pulp (138%)12. Overall analysis 
showed that the BTL treatment was 
significantly different from the rest of the 
treatments BTH, PTL, PTH. In fact, leaves 
from Chrysalidocarpus showed poor water 

Table 2. Average yield of fresh mushrooms from Pleurotus pulmonarius cultivated on substrates 
studied.

    Harvest (g)

Treatment  DWS 1st 2nd 3rd Total Biological Yield Production 
 (kg)      efficiency (%) rate
       (%)  (%)

Musa leaves treated with lime  0.643 350.5±115.16 a1 310±43.81 a 172±31.87 a 832.5±99.90 a 120.13±14.54 a 27.75±3.36 a 2.03±0.32 a
Musa leaves treated with hot water (±80 C, 1 h) 0.636 180.7±30.80 b 177.5±42.24 b 158.5±30.91 a 516.7±54.52 b 81.24±8.57 b 17.22±1.72 b 1.29±0.17 b
Chrysalidocarpus leaves treated with lime 1.110 199.3±29.87 b 187.4±43.24 b 73.5±25.93 b 460.2±49.05 b 41.46±4.41 c 15.34±1.64 b 0.61±0.07 c
Chrysalidocarpus leaves treated with hot water  1.035 238.9±61.19 b 143.9±72.36 b 82.4±37.32 b 465.2±81.41 b 44.95±7.86 c 15.51±2.57 b 0.78± 0.18 c

DWS= Dry weight substrate.
1 Different letters in the same column indicate significant differences according to Tukey’s multiple range test (α = 0.05).

Fig. 1. Old fruit bodies of Pleurotus pulmonarius 
cultivated on Musa leaves treated with lime.

retention capacity, and accordingly low 
moisture content (63.0%). Substrates and 
treatments studied are suitable for low-
cost and small-scale production of oyster 
mushrooms.
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