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ABSTRACT

Cultivation of oyster mushroom on the aquatic weed water hyacinth is an eco-
friendly way of disposing the problematic weed. In the present work, water hyacinth 
(without root) has been used as low cost substrate in different combinations with 
rice-straw for cultivation of Pleurotus florida, P. citrinopileatus and P. pulmonarius 
to determine the effect of the weed on the biological yield, as well as on nutritional 
qualities of the mushrooms. Water hyacinth and rice straw (1:1) supported significant 
increase in biological yield in all the three Pleurotus species in the 1st flush at optimal 
temperatures. The highest average yield was obtained from P. citrinopileatus. 
Mushrooms grown on rice straw alone, water hyacinth alone, and on rice straw 
plus water hyacinth (1:1) were analyzed for their moisture, total protein, total 
carbohydrate, starch, cholesterol, ascorbic acid, niacin, reducing sugar, crude fiber, 
ash, K+, EC, and pH. All the mushroom species showed (on dry weight basis) 16-25% 
protein, 19-28% carbohydrate with no detectable amount of starch and cholesterol, 
0.012-0.013% ascorbic acid, 0.001-0.002% niacin, about 9% crude fiber, and 2.8-5.8% 
potassium. No significant differences were obtained due to supplementation of rice 
straw with water hyacinth except the pH and EC. 

Key words: Biological yield, nutritional qualities, Pleurotus citrinopileatus, P. florida, 
P. pulmonarius, rice straw, supplementation, water hyacinth.
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INTRODUCTION

Cultivation of oyster mushroom (Pleurotus 
spp.) has increased greatly throughout 
the world during last few decades and 
constituted the second largest genus of 
cultivated mushrooms in the world12. 
Its popularity has been increasing due 
to the ease of its cultivation on various 
unfermented lignocellulosic wastes, its 
high yield potential, high nutritional values, 
as well as medicinal values4. Although 
commonly grown on straw of rice or wheat, 
there are reports that they can grow on a 
wide range of lignocellulosic wastes like 
straw of sorghum and maize6, pseudostem 
of banana, cotton stalk16, pea shells22, plants 
such as Parthenium argentatum, Sida 
acuta, Lantana camara, Cassia sophera, 
Tephrosia purpurea, and aquatic weeds 
like water hyacinth [Eichhornia crassipes 
(Mart.) Solms.]13, reed (Phragmitis)10, and 
cattail12. Rice is the main agricultural crop 
of West Bengal in India. But the escalating 
price of the rice straw due to its demand in 
cattle feeding, thatching, etc., is restricting 
its availability as the substrate for 
mushroom cultivation. This problem might 
be overcome by blending weed plants with 
other commonly used wastes like rice or 
wheat straw, sawdust, etc. Water hyacinth, 
a fast-growing aquatic weed in tropics and 
subtropics is one of the top ten problematic 
weeds of the world1, which adversely affects 
both humans and animals, economics of 
water ways, and agriculture by covering 
the ponds and lakes, by invading paddy 
fields in some areas and thereby rendering 
them unproductive21. Faster rate of weed 
proliferation is responsible for premature 
death of fresh water lake by eutrophication8. 
On the other hand, it has drawn attention 
as a plant capable of removing toxic heavy 
metals (e.g., Cr, Cd, Ni, As, Pb, Eu) from 

waste water by adsorbing them on its root, 
and is being currently used in waste water 
treatment5. Eradication of this obnoxious 
weed through utilization1 of vast quantities 
available at no cost is an eco-friendly option, 
prompting studies on its use for oyster 
mushroom cultivation13,19. The present 
work has studied the cultivation of three 
species of Pleurotus throughout the year 
in the same cropping room on rice straw, 
water hyacinth and on their combinations 
to find any difference in the biological 
yield and in the nutritional qualities of 
mushrooms due to water hyacinth.

MATERIALS AND METHODS

Mushroom strains. Three species of 
Pleurotus, namely Pleurotus florida nomen 
nudum (Eger, strain P-1), P. citrinopileatus 
Sing. (strain Pl-100), and P. pulmonarius 
(Fr.) Quél. (strain Pl-150) were procured 
from the National Center for Mushroom 
Research and Training (NCMRT), Solan, 
Himachal Pradesh, India. These cultures 
were maintained on potato-dextrose-agar 
slants. During the course of cultivation 
between August to April, spawn of the 
mushroom species was prepared with intact 
wheat grains in autoclavable polypropylene 
bags (15 x 12 cm) following the method of 
Suman and Sharma20.
 Substrate. Rice straw harvested during 
previous season was collected from nearby 
village and stored for 8-10 months. Water 
hyacinth [Eichhornia crassipes (Mart.) 
Solms] was collected from the local ponds 
or water bodies between July to September. 
Plants were sun-dried and roots were 
discarded as they were reported to adsorb 
heavy metals7.
 Preparation of substrates and cultivation 
of mushrooms. Both substrates were 
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chopped into 3-5 cm pieces and steeped 
overnight in cold tap water. After draining 
the excess water until no water is dripping 
from the substrates, they were steam 
treated at 90-95 C for 2 h. After cooling, 
2 kg wet weight of each substrate with 80-
85% moisture were packed in transparent 
polythene bags (50 x 35 cm). The open end 
of the bag was tied with rope and the surface 
of the bag was perforated at several points. 
Cultivation trials of Pleurotus spp. were 
conducted between August to April and so 
during post-monsoon, autumn, winter and 
spring on five different combinations of 
rice straw and water hyacinth:  (i) rice straw 
alone (RS), (ii) water hyacinth alone (WH), 
(iii) RS+WH (1:1), (iv) RS+WH (2:1), and 
(v) RS+WH (1:2). The temperature and 
relative humidity regimes were maintained 
between 22-30 C / 14-22 C, and 70-75% 
/ 75-80%, respectively, during basidioma 
development in post-monsoon, autumn / 
winter and spring.
 The polythene bags packed with 
substrates were inoculated with 5% grain 
spawn (w/w on wet weight basis) by the 
layer method20. The inoculated bags were 
placed on wooden shelves disinfected by 
2% formalin in a spawn running room at 
26±2 C and 65±5% relative humidity in 
the semi-dark condition until mushroom 
primordia (pinheads) were formed. 
After spawn run period, environmental 
variables, namely temperature, moisture, 
air exchange, light were shifted in the 
cropping room. Relative humidity was 
increased by 5%, the temperature was 
controlled accordingly and the number 
of pin holes on the surface of the bags 
were increased. Pinheads were allowed to 
develop to complete basidiomata. When 
the inrolled margins of the pileus of the 
mushrooms began to flatten, they were 
manually harvested and weighed the same 

day. The bags were maintained until the 
harvest of 3rd flushes. Yield per flush was 
tabulated only at optimum temperature 
regimes (favorable season) of each species 
to calculate the yield over the course of three 
flushes [BY = Weight of fresh mushrooms 
harvested (g) per kg dry substrate].
 Comparative analysis of nutritional 
qualities of the Pleurotus spp. growing on 
rice straw, water hyacinth and on their 1 : 
1 combination. Mushrooms were collected 
separately, oven dried, ground and mixed 
in equal weights so as to obtain dry weight 
biomass (DWB) of mushroom (Pleurotus) 
samples from each of the above three 
substrate combinations. Moisture contents 
of fresh mushrooms were determined from 
loss of their weights on oven drying at 
60 C for 72 h to reach a constant weight. 
Total protein (modified Lowry’s method), 
total carbohydrate, vitamins (ascorbic 
acid and niacin), and reducing sugar in 
dry mushroom samples were estimated 
following Sadasivam and Manikam18. Crude 
fiber was determined following sulphuric 
acid digestion and ignition method18. For 
starch and cholesterol initially qualitative 
estimations were done by their confirmative 
tests, namely iodine test and Salkowski 
test, respectively9. Available potassium 
was estimated by flame photometry17. Ash 
contents, electrical conductivity (EC) and 
pH of the mushrooms were determined by 
the methods of Rao and Reddy17.
 Statistical analysis. All the experiments 
in each season were performed in triplicates. 
The experiments were laid out in a completely 
randomized design with five combinations 
of substrates and three species of Pleurotus. 
All the data were analyzed using descriptive 
statistics and also subjected to ANOVA 
to ascertain any significant difference 
(at P ≤ 0.05 for yield and at P ≤ 0.01 for 
nutritional qualities) between treatments. 
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Least significant differences (LSD) between 
the means of biological yields of Pleurotus 
spp. were calculated according to standard 
methods.

RESULTS AND DISCUSSION

Yield performances of Pleurotus species. 
Maximum yield from P. florida was 

obtained between 14-20 C while it was 
obtained from P. pulmonarius between 
20-26 C and from P. citrinopileatus 
between 24-30 C. A perusal of the yield 
performance (Table 1) of each of the three 
species of Pleurotus cultivated on five 
different combinations of substrates at their 
respective optimal temperature regimes 
shows significant increase in BY from RS 
(rice straw) + WH (water hyacinth) [1:1] 

Table 1. Yield performances (up to 3rd flush) of oyster mushrooms (Pleurotus spp.) cultivated at their 
respective optimal temperature regimes between August and April on different combinations of rice 
straw (RS) and water hyacinth (WH).

Oyster mushrooms  Substrate   Yield*   Total yield
  (1 kg, dws)  (g fresh weight mushroom/ kg dws)  (g/kg dws)
   1st flush 2nd flush 3rd flush 

P. florida RS 589.3 ± 14.2 514.6 ± 8.4 203.5 ± 5 1,307.4
 (14-20 C) WH 604.6 ± 17.6 325.3 ± 1.4 177.3 ± 10 1,107.2
  RS + WH (1:1) 761.6 ± 45.3** 511 ± 25.2 249.3 ± 11.1 1,521.9
  RS + WH (1:2) 561.8 ± 32 450 ± 2.5 231 ± 3.1 1,242.8
  RS + WH (2:1) 545 ± 9.8 525 ± 7 244 ± 2.8 1,314.0
 LSD at 5% level  121.1  79.4 43 243.5

P. citrinopileatus RS 608.7 ± 14.5 530.5 ± 2.1 472.5 ± 1.5 1,611.7
 (24-30 C) WH 614.7 ± 14.5 495.7 ± 1.5 337 ± 4.2 1,447.4
  RS + WH (1:1) 725.1 ± 6.3** 504.5 ± 14.8 478.8 ± 22.6 1,708.4
  RS + WH (1:2) 631.3 ± 1.0 396.7 ± 1 202.6 ± 1.0 1,230.6
  RS + WH (2:1) 575 ± 8.4 499 ± 3.5 309  ± 2.1 1,383
 LSD at 5% level  60.1  24.6 77 161.7

P. pulmonarius RS 589.8 ± 6 450.2 ± 4.6 236 ± 5.6 1,276
 (20-26 C) WH 615.4 ± 4.7 336.7± 1.0 176.8 ± 2.5 1,128.9
  RS + WH (1:1) 684.9 ± 3.2** 561.2±18.2 278.8 ± 3 1,524.9
  RS + WH (1:2) 598.8 ± 3.1 457.5 ± 3.3 225.2 ± 3.5 1,281.5
  RS + WH (2:1) 537 ± 2.8 375 ± 7 288.5 ± 5 1,200.5
 LSD at 5% level  50.6  76.3 39.7 166.6

dws= dry weight of substrate.
* Results are mean ± standard deviation.  
** Results are significantly different (P ≤ 0.05).
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than those from their other combinations 
in the first flush. Maximum total yield was 
obtained from P. citrinopileatus (1,708.4 
g/kg) followed by P. florida (1,521.9 g/
kg), and P. pulmonarius (1,524.9 g/kg). 
Earlier work13 reported increased yield of 
mushrooms by addition of water hyacinth 
to the wheat straw, though Shah et al.19 
reported negative effect of the weed on yield 
of P. sajor-caju, either as sole substrate or 
with wheat straw. Yield performances of 
the Pleurotus species in the present study 
was found to be greater than the previous 
workers who reported enhancement of 
mushroom yield on RS by incorporation of 
other lignocellulosic wastes4.
 Rice straw appeared to be the common 
and superior substrate for cultivation of 
oyster mushrooms when compared to most 
other lignocellulosic wastes14, but better 
yield was obtained by mixing WH with 
RS rather than using RS alone. This might 
be due to mitigation of optimal nutritional 
requirement of mushrooms on RS with 
addition of WH up to the stage of basidioma 
formation in favorable environmental 
conditions. Being an aquatic spongy plant, 
WH also provided better aeration and 
water retention capacity to the combined 
substrates supporting better yield.
 Comparative analyses of proximate 
nutritional composition. The nutritional 
compositions of Pleurotus spp. on three 
different combinations of RS and WH are 
compared in Table 2, which reveals no 
significant differences in the nutritional 
properties. More acidic pH and significantly 
greater (P < 0.01) EC, and therefore, 
greater soluble salt concentration were 
observed in mushrooms grown on WH. 
Total protein contents of the mushrooms 
(DWB) varied from 16% to 25%. Similar 
results of protein contents in this range 
were also reported for the other species of 

Pleurotus, including P. pulmonarius15. In 
the present study, Pleurotus species grown 
on WH alone showed slightly increased 
(though not significant) protein contents. 
This may be due to greater mobilization of 
N from nitrogen rich WH to the mushroom. 
The total carbohydrate contents of the 
mushrooms ranged between 19% to 28% 
(DWB), which is lower than those of 
earlier reports2. Mushrooms gave negative 
results for iodine and Salkowski tests, 
respectively, which revealed the absence 
of any measurable amount of starch or 
cholesterol, although starch (0.28% DWB) 
has earlier been reported in P. florida3. The 
ascorbic acid contents of the mushrooms 
ranged between 0.012% to 0.013% (DWB), 
which was similar to the earlier report15. 
The niacin contents recorded in the present 
study (ranged between 0.001% to 0.002% 
DWB) was much greater than the earlier 
report on P. pulmonarius15. The crude fiber 
contents (9% DWB) of the mushrooms 
were in accordance with previous studies15. 
The value of ash content (18% to 19% 
DWB) was greater than some earlier reports 
in P. ostreatus and P. pulmonarius15, but 
somewhat closer to the value reported 
in P. sajor-caju2. Electrical conductivity 
(EC) was found to be significantly greater 
in mushrooms from WH, which was in 
conformity with the findings of Anakalo 
et al.2 in P. sajor-caju. The available K+ 
content was greater in mushrooms (5.2% 
DWB) grown on RS than on mushrooms 
(3.5% DWB) grown on WH, while 
mushrooms on combination of substrates 
occupy intermediate position. These values 
exceeded those reported earlier by Anakalo 
et al.2 for different Pleurotus species. The 
recommended dietary allowance (RDA) of 
potassium is 3,100mg/day/person11, so these 
mushrooms (fresh weight) are safe for daily 
consumption.
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 The results obtained in the present study 
demonstrated that the nutritional values of 
mushrooms grown on common substrate 
rice straw were not markedly affected by the 
addition of the hazardous aquatic weed, water 
hyacinth. Moreover, the weed supported 
greater yield with rice straw. Utilization of 
water hyacinth along with rice straw (1:1) 
as the substrate for cultivation of Pleurotus 
will, therefore, reduce the cost of mushroom 
production and will recycle the nuisance 
weed in an eco-friendly way to get rid of 
its disposal problem. The present work also 
suggests that small scale mushroom farms 
or enterprises can maintain consistency in 
the supply of mushrooms between August to 

April by cultivating P. florida at temperatures 
between 14-22 C and P. citrinopileatus at 
temperatures between 22-30 C for the rest of 
the year, except extreme summer, under the 
prevailing environmental conditions in the 
plains of India. 
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